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ARITHMETIC 


Arithmetic is the science of numbers, and as numbers 
treat of magnitude or quantity, whatever is capable of in- 
erease or decrease may be considered as of magnitude or 
quantity. 

‘A Namber is a unit or collection of units, as two, five, 
six. 

‘An Integer is a number which represents an unbroken 
quantity. 

An Odd Number is a number which cannot be divided 
by two. 

‘An Even Number is a number which ean be exactly 
divided by two. 

Factors of a number are those numbers which, when 
multiplied together, make that number. 

A Prime Number is 2 number exactly divisible by one. 

An Exact Divisor is a whole number which will divide 
another number without a remainder. 

The Greatest Common Divisor of two or more numbers 
is the greatest number which will divide each of the num- 
bers exactly. 

A Multiple of a number is any number exaetly di 
by that number. 

The Least Common Multiple of (wo or more numbers 
is the smallest number whieh is exactly divisible by each of 
the other numbers. 

Addition is uniting two or more numbers into one. The 
result of the adition is called the Sum. 

The sign of Addition is (+), thus: 90410—100. 

Subtraction is taking a lesser sum from a greater one. 

The answer is called the Remainder or the Difference. 

The sign of Subtraction is (—), thus 90—10—80. 
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Multiplication is finding the amount of one number in- 
creased as many times as there are units in another. 
answer is ¢ the Product, 
sign of Multiplication is (><), thus: 90<10—900. 
Division may be defined as the dividing of a number of 
iny other mumber of parts, 
has to be divided by another number, 
led the Dividend, und the second one 
the Divisor, and the result is the Quotient. 

The sign of Division + thus: 90+-10=-0, 

A number is exactly divisible by 2 when the number 
ends in-an even number or in 0, by 3, when the sum of 
the figures Aly divisible by 3, by 4, when the num- 
ber formed by t st two figures of the number is ex- 
aetly divisible by 4, hy 











quantity: into 
When one numbs 
the first one is 
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when the number ends in 6 or 0. 


Addition, 
Example: Add together 397,495 and 6,350. 
397495 
350 
A03,S45 - Answer, 
Example: Add togeth 














Example: 






7 
)-— Answer, 


Subtraction. 


Example: from 403,845, 


Answer, 
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Example: 








Example: Divide 468 intu 1. 


— Answer, 





AGS) 1705860 (3,645 
140 






into 106,963,440, 


(0— Answer. 


Example: 





Algebraic Signs and Symbols. 
= The sign of equality. It denotes that the quantities 
connected by this sign are equal to one another, thus: 12 
inches = 1 foot. 
+ The sign of addition. It signifies plus or more, thus: 
745=12, 
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ye This denotes that a is to be divided by the square 
root of B, 


‘This signifies that a is to be divided by b and the 





sqnare root of the result extracted. 

These are the signs of proportion or the rule of 
means—is to, the sign :: means—as, 
1 is to 4 a8 4 is to 16, 
< are used to express the value of an 
minutes and seconds, thus: 30 degrees, 20 
be written 30° 20° 10". 

:ns are also used to represent fect and 
6 inches may be written 3° 6”, 

he Greek letter is used to denote the ratio of the 
ference of a cirele to its diameter, which is 3.14159, 
his sign ix used to represent the value of the gravity 
constant, whieh is 
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Decimal Fractions. 






and placing a decimal point before it on the 
for example: 








numbers so that all 
the decimal points come directly under one another, add 
them together ax in whole nmmbers, and point off as many 

Yor decimals as are equal to the greatest number of 
ls in any of the given numbers, 
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ciphers. Then make the divisor a whole number, and pro- 
ceed as in the division of simple numbers, and the quotient 
will contain as many decimal places as are used in the 
dividend. 

Example: Divide 74.23973 by 6.12. 
pus) pase 073(12-190 Answer. 


1308 
124 Example: Divide .7428978 by 612 
799 612).7423978(.0012180 Answer. 
612 612, 
1877 1808 
1886 1924 
418 799 
sig. 
1877 
1886 
418 


To Reduce any Vulgar Fraction to a Decimal. Annex 
ciphers to the numerator till it be equal to or greater than 
the denominator; divide by the denominator, a in division 
of decimals, and the quotient will be the decimal required. 


Reduce 73¢ to a decimal fraction. 
256)7.00000000(.02734375 Answer. 
512 


1880 


Reduce y’z to a decimal fraction. 
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Always notice that the number of figures in the product 
to the right of the decimal point equal to the number of 
decimals in the multiplier and multiplicand taken together. 


Roots of Numbers. 

To Extract the Square Root of a Number. If there be 
decimals in the given number, make them to consist of 
two, four, six, &e., places by annexing eiphers to the right 
hand. Then separate the whole into periods of two figures 
each, beginning at the right hand, and the left-hand period 
will consist of one or two figures, according as the number 
of figures in the whole number is odd or even. Find a 
xquare number equal to or the next less than the left-hand 
period, and put the root of it in the quotient. Subtract this 
aquare from the left-hand period, and to the remainder 
bring down the next period for a dividend, and to the left 
hand of it write double the quotient for a divisor. Then 
consider what figure if annexed to the divisor and the re- 
ault multiplied by it the product may be equal to or the 
next less number than the dividend, and it will be the 
second figure of the root, From the dividend subtract the 
produet, and to the remainder bring down the next period 
for a new dividend. Double the figures in the quotient for 
fa divisor, and continue the operation as above till all the 
periods are used. 


Example: Extract the square root of 10291264 
Example: Extract the square root of 177746.56 








10291264 [208 Answer. 1746.56 | 42.6 Anewer. 
9 16 
62 [129 2177 
20 |124 2/164 
51264 $41] 1346 
51264 1! 841 


3426 [50556 
150556 
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Example: Extract the cube root of 4088324799 
iosissize | 1599 Answer. 


Trediierl = 
Trial diviews 17X3=3 8088 





35X5=175 
True divivor B75XS__ | 2875, 
= 35 713824 
‘Trial diview 8m 
#OAXG= 4131 
1631X9_| 614879 
9 = 81) 68615799 





‘Trial divisw 


‘The square and cube rvots of numbers from 1 to 500 are 
given in the fourth and fifth column of Table No. 1. 


Reciprocals of Numbers. 


The Reciprocal of a Number is another number, which 
when multiplied by the original Number will give 1 or 
unity as a result. In other words the Reciprocal of a 
Namber is the result obtained by dividing the number into 
1, The Reciprocals of Numbers will be found a great help 
as a substitute for Division in all ordinary calculations 
which are within the limits of the Table. 

Example: Divide 3 by 99. 

Answer: From Table No. 2 the reciprocal of 89 is found 
to be O15, this multiplied by 3, equals 033,705, which 
is the same rvault ax if 3 were divided by 89. 

Example: Divide 5 by 473, 

Answer: From Table No, 2 the reciprocal of 473 is 
002,114, this multiplied by 5, gives .010,570 as the result, 
which is equivalent to dividing 5 by 473. 
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Tass No, 1—Sqvares, Cunes, Square Roots, Cups 
Roots axp Recrprocans or Numbers From 1 To 500, 
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Logarithms of Numbers. 

Logarithms are the exponents of a series of powers and 
roots of numbers. The logarithm of a number is that ex- 
ponent of some other number, which renders the power of 
the other number, which is denoted by the exponent, equal 
to the former. In other words the logarithm of a number 
is the exponent of the power to which the number must be 
raised to give a given base, 

When the logarithms of numbers from a series in arith- 
metical progression, their corresponding natural numbers 
form a series in geometrical progression, thus: 

Common logarithms 0 1 2 3 4 
Natural numbers 1 10 100 1,000 10,000 

Natural logarithms were the invention of Lord Napier. 
Common logarithms, the kind in general use, were invented 
by Prof, Briggs of Oxford, England. Logarithms are ex- 
tremely useful in shortening the labor of mathematical eal- 
culations. 

The addition and subtraction of common logarithms cor- 
respond to the multiplication and division of their natural 
numbers, 

In a like manner, involution is performed by multiplying 
the common logarithm of any number by the number denot- 
ing the required power, and evolution by dividing the com- 
mon logarithm of the number denoting the required root. 

The common logarithm of a number consists of two parts, 
an integral part or whole number, which is called the 
characteristic, and a decimal called the mantissa, 

To find the common logarithm of a given number from 
Table No. 2, proceed as follows: 

The first two figures of the number will be found in the 
vertical column to the extreme left in the table, and the 
third figure of the number in the horizontal row at either 
the top or bottom of the table. Having found the first two 
figures of the number, always neglecting the decimal, pass 
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Answer: The first two figures of the number corres- 
ponding to the mantissa .0334 are 10, and at the top of the 
vertical column the third figures given as 8, making the 
three figures 108. As the characteristic is 1 therefore the 
actual number is 10.8. 


The number corresponding to — 1.0334 is .108 
The number corresponding to 0.0334 is 1.08 
The number corresponding to 1.0334 is 10.8 
The number corresponding to 2.0334 is 108 


To multiply one or more numbers together, add the eom- 
mon logarithms of the numbers together, the sum will be 
the logarithm of the required number. 

To divide a number by one or more numbers, subtract the 
sum of the common logarithms of the numbers from the 
logarithms of the number to be divided. 

The mantissa of the common logarithm of 6 is the same 
as the mantissa of 60 or 600, the characteristic only being 
changed thus: 





Common logarithm of .600 = — 1.7782 
Common logarithm of 6.01 0.782 
Common logarithm of 60. 1.7782 
Common logarithm of 600 2.7782 





Table No. 2 gives the common logarithms of numbers 
from 100 to 999. 

Note, A decimal point must always be prefixed to the 
mantissa of a logarithm obtained from the table, before 
ufflxing the characteristic, 
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‘Taste No, 2—Coxrmven, 
Logarithms of Numbers from 100 to 999. 
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Tani No. 2—Cortixuxn. 
‘Logarithms of Numbers from 100 to,999, 
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Fig. 4. 





With the radius AD equal to one-fourth of the chord of the 
are and with A as the center describe the are DE. Draw 
the line EG and twice its length will be the length of the 
are AEC. 

To draw radial lines from the circumference of's circle 
when the center is inaccessible—Fig. 6. Divide the cireum- 
ference into any desired number of parts as AB, BC, CD, 
DE. Then with s radius greater than the length of one 





Fig. 5. 


part, describe arcs cutting each other as A-2, C-2, B-3, D-3, 
ete, also B-1, D-5. Describe the end ares A-l, E-5 with a 
radius equal to B-2. Lines joining A-l, B-2, C-3, D-4 and 
E-5 will all be radial. 

To inscribe any regular polygon in = circle—Fig. 6 
Divide the diameter AB of the circle into as many equal 
parts as the polygon is to have sides. With the points A 
and B as centers and radius AB, deseribe ares cutting each 
other at C, Draw the line CE through the second point of 
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division of the diameter D 

of AB, intersecting the 

circumference of the circle 

D. A line drawn from B 

to D is one of the sides of 

the polygon. A lB 


1 
Fig. 7. 


To cut a beam of the 
strongest shape from a 
circular section—Fig. 7. 
Divide any diameter CB 
of the circle into three 
equal parts as CF, FE and 
EB. At E and F erect 
perpendiculars EA and FD 
on opposite sides of the 
diameter CB. Join AB, 
BD, DCandCF. The rect- 
angle ABCD will be the 
required shape ofthe beam. 
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To develop the surface of a cone or the frustum of a 
cone—Fig, 8 Let ABC represent the cone and DEAB the 
frnstum of the cone. On the base AB of the cone describe 
the semicircle AFB. With C as a center and radius CB, 
describe the are BG. Make BG equal to twiee the length 
of AFB and join CG, The sector CBG will be required 
surface of the cone, With center C and radius CE draw 
the are EH, intersecting the line CG at H. The shape 
FHBG will be the required surface of the frustum of the 


cone. 


To construct a square upon 
a straight line of given length 
—Fig. 9. With A and C as 
centers and radius AC, de- 
scribe the ares AF and AE, 
cutting each other at D. 
With centerD and radius AC 
deseribe the circle ACEHGF 
and with the same radius and 
centers E and F, deseribe 
the ares EH, FG. Draw the 
lines AG, CH and KL, which 
completes the square required. 


To construct a square equal in area to a given triangle 
—Fig. 10. Let ABC be the given triangle: Let fall the 
perpendicular BD, produce the line CA at A and make AE 
equal to half the perpendicular height BD. Bisect CE at F 
and describe the semicircle Ss H 
CGE. Erect the perpen- 
dicular, AG at G and ‘this 
will be one of the sides 
of the required square 
AGHM. 





i-2 
> 
Zl 
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To construct s square equal in area to a given rectangle 
—Fig. 11. Produce the base AB of the rectangle ABGH at 
A and make AC equal to AG. Biseet CB and D and de- 
seribe the semicircle AEB. Produce the line AG until it 
intersects the circumference of the semicircle at E, then 
AE is one side of the required square AELK. 


L 


«c_ A 8 
Fig. 11. 





Fig. 12. 


To find the length of a rectangle equal in area to a given 
square when the width of the rectangle is given—Fig. 12. 
Let ABCD be the given square and DE the width of the 
rectangle whose length is required. From E draw EH par- 
allel to DC and produce DC to G and BC to F. Join DF 
and draw AG parallel to DF, cutting DC produced at G. 
Draw GH parallel to DE and DEGH is the required reet- 
angle. 

To divide any triangle into two parts of equal area— 
Fig. 13. Let ABC be the given triangle: Bisect one of its 
sides AB at D and deseribe the semicircle AEB, At D 
ereet the perpendicular DE and with center B and radius 
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BE describe the are EF which intersects the line AB at F. 
At F draw the line AG parallel at AC, this divides the tri- 
angle into two parts of equal area. 





Fig. 14. 


To inscribe a circle of the greatest possible diameter in a 


given triangle—Fig. 14. Bisect the angles A and B, and 

draw the lines AD, BD which intersect each other at D. 
From D draw the line CD perpendicu- 
lar to AB. Then CB will be the radius 
of the required circle CEF. 





To construct a rectangle of the great- 
est possible area in a given triangle— 
Fig. 15. Let ABC be the given triangle: 
Bisect the sides AB and BC at G and 
F. Draw the line GD and from the 
y, points @ and D, draw the lines GF and 

DE perpendicular to GD, then EFGD. 
Pate is the required rectangle. 
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To inscribe a square within a given circle—Fig. 19, Let 
ADBC be the given circle: Draw the diameters AB and 
CD at right angles to each other. Join AD, DB and CA, 
then ACBD is the inscribed square, 


& an 


Fig. 20. 
Fig. 20, 

To describe a square without a given circle—Fig, 20, 
Draw the diameters AB and CD at right angles to each 
other. Through A and B draw the lines EF and GH, par- 
allel to CD, also draw the lines EG and FH through the 
points C and D nnd parallel to AB, this completes the re 
quired square EFGH, 


To construct an octagon in , A a B 
a given square—Pig.21, Let 
ABCD be the given square: 
Draw the diagonal lines AC 
and BD,which intersect each 
other at the point O. With 
4 radius equal to AO or OC, 
describe the ares EF,\GH, JK 
and LM, Connect the points 
EK, 1G, FI and HM, then 
GFTHMKEL {a therequired 
octagon, 
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To construct a square equal in area to two given squares 
—Fig. 24. Let AC and AD be the length of the sides of 
the given squares: Make AD perpendicular to AC and con- 
nect DC, then DC is one of the sides of the square DCEG 
which is equal to the two given squares. 





Fig. 25. 


To draw a straight line equal in length to a given por- 
tion of the circumference of a circle—Fig. 25. Let ACBD 
be the given cirele; Draw the diameters AB and CD at 
right angles with each other. Divide the radius RB into- 
four equal parts, Produce the diameter AB at B and make 
LZ equal to three of the four parts of RB. At A draw the 
line AF parallel to CD and then draw the line ECF whieh 
is to one-fourth of the circumference of the circle ACBD. 
If lines be drawn from E through points in the cireumfer- 
ence of the circle as 1 and 2, meeting the line AF at G and 
H, then C-1, 1-2 and 2-A will equal FG, GH and HA re- 
spectively. 
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| To describe a cycloid, the diameter of the generating cir- 
dle being given—Fig. 29. Let BD be the generating circle: 
Draw the line ABC equal in length to the circumference of 
the generating circle. Divide the cireumference of the gen- 
erating circle into 12 parts as shown. Draw lines from the 
points of division, 1, 2, 3, etc. of the circumference of the 
generating cirele parallel to the line ABC and on both sides 
of the circle. Lay off one division of the generating circle 
on the lines 5 and 7, two divisions on the lines 4 and 8, 
three divisions on the lines 3 and 9, four divisions on the 
lines 2 and 10, and five divisions on the lines 1 and 11, A 
line traced through the points thus obtained will be the 
eyeloid curve required. 








Fig. 20. 


To develop a spiral with uniform spacing—Fig. 30. 
Divide the line BE into as many equal parts as there are 
required turns in the spiral. Then subdivide one of these 
spaces into four equal parts. Produce the line BE to 4. 
making the extension E-4 equal to two of the subdivisions. 
At 1 draw the line 1-D, lay off 1-2 equal to one of the sub- 
divisions. At 2 draw 2-A perpendicular to 1-D and at 3 in 
2A draw 3-C, ete. With center 1 and raduis 1-B describe 
the are BD, with center 2 and radius 2-D deseribe the are 
DA, With center 3 and radius 3-A, ete, until the spiral is 
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E and radius AE, describe ares cutting at G. Draw the 
line AD from the point G through C and DAC is the re- 
quired 60° angle. 

To construct a 45° angle—Fig. 34. Upon the line AC 
locate the point E, at any suitable distance from A. With 
centers A and E.and radius AE, describe ares cutting each 
other at F. Draw the line EFG and make the distance FG, 
equal to FE. Join the points AG, and on the line AG lay 
off AH equal to AE. With any suitable radius greater 
than the distance EH, and with centers E and H, describe 
ares cutting each other in L. The line AD drawn from the 
point A through L completes the 45° angle. 








Fig. 34. 


To construct a 30° angle—Fig. 35. Draw the line AC 
and mark off any distance AE, with centers A and E and 
radius AE deseribe ares cutting each other at G. With any 
radius greater than the distance EG and with centers E and 
G describe ares cutting each other at D, draw the line AD 
and this completes the 30° angle required. 


MENSURATION OF PLANE SURFACES. 


To find the area of a circle—Pig. 36. Multiply the square 
of the diameter hy .7854. 

To find the circumference of a circle. Multiply the dis- 
meter by 3.1416. 


Circle: Area .7854D* 
Cire. = 3.1416D 





| ! 
j.---=p——--4! 


Fig. 36. 
To find the area of a semi-circle—Fig. 37. Multiply the 
square of the diameter by .3927. 
To find the circumference of a semi-circle. Multiply the 
diameter by 2.5708. 


Semi-circle: Area = .3927D? 
Cire. = 2.5708D 


To find the area of an annular ring—Fig. 38. From 
the area of the outer cirele subtract the area of the inner 
circle, the result will be the area of the annular ring. 

To find the outer circumference of an annular ring. Mul- 
tiply the onter diameter by 3.1416. ; 


59 
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Zo find the inner circumference of an annular ring. Mul- 
tiply the inner diameter by 3.1416. 
Annular ring: Area — .7854 (D*—H?) 


1416 D 
1416 H 






Out. cire. 
Inn. cire. 





| | | 
b----5----4 Lo 


Fig. 38. Fig. 39. 


To find the area of an ellipse.—Fig. 39. Multiply the long 
diameter by the short diameter and by .7854. 

To find the area of » flat-oval—Fix. 40. Multiply the 
sum of the long and short distance by 1.5708. 

Ellipse: Ai (Dx) 
Cire=1.5708 (DXH) 

To find the area of a flat-oval—Fig. 40. Multiply the 
length by the width and substract .214 times the square 
of the width from the result. 

To find the circumference of # flat-oval. The circumfer- 
ence of a flat-oval is equal to twice its length plus 1.142 
times its width. 






Flatoval: Area —D (H—0.214D) 


(HX0.571D) 
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To find the area of a parabola—Fig. 41. Multiply tha 
base by the height and by .667. 
Parabola: Area = .667 (DH) 


Fig. 41. 


To find the area of a square—Fig. 42. Multiply the 
length by the width or in other words the area ix equal to 
equare of the diameter, 

To find the circumference of a square. The circumfer- 
ence of a square is equal to the sum of the lengths of the 
sides, 

Square: Area = D? 
Cire. = 4D 

To find the area of a rectangle—Pig. 43. Multiply 
length by the width, the result is the area of the ree 

To find the circumference of a rectangle. The « 
ference of a rectangle is equal to twice the sum of the 


length and width, rt 
Rectangle: Area = DXH. 1 
Cire. = 2(DXH) e 
-F i 
i 4 

1 


i 
ke-D-a} 
— Fig. 43. 

















Fig. 44. 
To find the area of a parallelogram—Fix. 44. Multiply 
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the base by the perpendicular height. 
Parallelogram: Area =D XH 

To find the area of a traperoid—Fig. 45. Multiply half 
the sum of the two parallel sides by the perpendicular dis- 
tance between the sides. 





area of an equilateral triangle is equal to the square of one 
side multipled by .433. 

To find the circumference of an equilateral triangle. The 
circumference of an equilateral triangle is equal to the sum 
of the length of the sides, 


Equilateral triangle: Area 
Cire, 





33D? 





ees H==—4 


i 
| 
| 
=r 
| 
| 
i 


le-D—t le --- 
Fig. 47. 
To find the area of a right-angle or an isosceles triangle 
—Fig, 47. Multiply the base by half the perpendicular 
height. 


MENSURATION 3 
To find the circumference of a rivht-angle or an isosceles 


triangle: 
Right angle or isosceles triangle: 
Ana PE 
Cire.=V (4H?+D*)+D 
To find the area of an hexagon—Fig. 48. Multiply the 
square of one side by 2.598. 
To find the circumference of a hexagon: The circumfer- 
ence of a hexagon is equal to the sum of the length of the 
sides. 








t 
I 
on 
rt 
| 
be --p---4 





To find the area of an octagon—Fig. 49. Multiply the 
square of the short diameter by .828. 

To find the circumference of an octagon. The circumfer- 
ence of an octagon is equal to the sum of the length of the 
sides. 


Octagon: 





To find the area of any regular polygon—Fig. 50. Multi- 
ply half the sum of the sides by the perpendicular distance 
from the center of one of the sides. 
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‘To find the ciecumfevence of any regular pelygen. The 
Greumference of ay pelygen is equal to the sum of the 


MENSURATION OF VOLUME AND SURFACE OF 
SOLIps. 


Te find the cubic contents of a sphere—Fig. 51. Multiply 
the eubie of the diameter by 5236. 
‘Yo find the superficial area of a sphere. Multiply the 
equare of the diameter by 3.1416. 
Sphere. Cubie contents—5236D* 

Superficial area = 3.1416D? 





Fig. 52. 


fesoapecaas] 
Fig. 51. 
To find the cubic contenta of a hemisphere—Fig. 62. 
Multiply the cube of the diameter by .2618, 
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Oylinder: Cubie contents=.7854(D-++H) 
Superficial area=1.5708D(2H-++D) 

To find the cubic contents of a cone—Fig. 55. Multiply 
the square of the base by the perpendicular height and by 
-2618, 

To find the superficial area of » cone. Multiply the cir- 
cumference of the base by one-half the slant height and 
add to the product the area of the base. 
one: Cubie contents = 2618(D*XH) 





epee 
Fig. 56. 
Fig. 55. 


To find the cubic contents of the frustum of a cone—Fig. 
56. To the sum of the areas of the two ends of the frus- 
tum, add the square rvot of the product of the diameters of 
the two ends, this result multiplied by one-third of the per- 
pendicular height of the frustum will give the eubie con- 
tents, 

To find the superficial area of the surface of the frustum 
of a cone. Multiply the sum of the diameters of the ends 
by 3.1416 and by half the slant height. Add to the result 
the area of both ends and the sum of the two will be super- 
ficial area. 
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Rectangular solid: 
Cubic contents = DXH XL 
Superficial area=2(D(H+L)-++HL) 

To find the cubic contents of a pyramid—Fig. 69. Multi- 
ply the area of the base by one-third the perpendicular 
height and the product will be the eubie contents of the 
pyramid. 

To find the superficial area of a pyramid. Multiply the 
cireumference of the base by half the slant height and to 
this add the area of the base, the sum will be the e superfi- 
cial area. 






Pyramid: Cubic contente=22t 


Superficial area -2 


+4) 


nd 


oe ote 


MENSURATION OF TRIANGLES. 

To find the base of a right-angle triangle when the per- 
pendicular and the hypothenuse are given—Fig. 60. Sub- 
tract the square of the perpendicular from the square of the 


hypothenuse, the square root of the difference is equal to 
the length of the bi 


Base=V Hypotenuse*—Perpendicular? or B=y C—H? 


To find the perpendicular of a right-angle triangle when 
the base and hypothenuse are given, Subtract the square of 
the base from the square of the hypothenuse, the square 
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aides, substract each side severally. Multiply the half sun 
and the three remainders together and the square root of 
the product is equal to the area required. 


Area=/'8(8—A) (8—B) (8—C) 


To find the height of the perpendicular and the two sides 
of any triangle inscribed in a semi-circle, when the base of 
the triangle and the location of the perpendicular are given 
—Fig, 62. r 





We--—-A----- shea 
Fig. 62, 

c ce a 

A=S  B=p(O=VAXB 


D=VA(A+B) E=vVB(A+B) 


PROPERTIES OF THE OIROLE. 


A circle contains a greater area than any other plane 
figure bounded by the same length of circumference or out- 
line. 

The areas of circles are to each other as the squares of 
their diameters. Any circle twice the diameter of another 
contains four times the area of the other. 


MENSURATION et 


The radius of a circle is a straight line drawn from the 
centre to the circumference as LM—Fig. 63. 

The diameter of acircle is 
straight line drawn through 
the centre, and terminated 
both ways at the circumfer- 
ence, as ALC. 

A chord is a straight line 
joining any two points of the 
cireumference, as DE. 

The versed sine is a per- 
pendicular joining the middle 
ofthe chord and circumfer- 
ence, a3 GH. 

An are is any part of the circumference, as DHE. 

A semicircle is half the circumference eut off by a dia- 
meter, as AHC. 

‘A segment is any portion of a circle cut off by a chord, 
as DHE. 

A sector is a part of a circle cut off by two radii, us 
ALM or CLM. 

Circumference. Multiply the diameter by 3.1416, the pro- 
duet is the eireumference. 

Diameter. Multiply the cireumference by .31831, the pr 
duet is the diameter, or multiply the square root of the 
area by 1.12837, the produet is the diameter. 

Area. Multiply the square of the diameter by .7854, the 
product is the area, 

Side of square. Multiply the diameter by .8862, the pro- 
duet is the side of a square of equal area, 

Diameter of circle. Multiply the side of a square b 
1.128, the product is the diameter of a circle of equal are: 

To find the versed sine, chord of an arc or the radius 
when any two of the three factors are given—Fig. 64. 


H 





Fig. 63. 
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To find the length of any line perpendicular to the chord 
of an arc, when the distance of the line from the center of 
the chord, the radius of the arc and the length of the ver- 
eed sine are given—Fig. 65. 


N=v (R*—X?)—(R—-H) 


C=2V V(2R—V) 


To find the diameter of a circle when the chord and ver- 
sed sine of the arc are given. DG?+GH? 
AC=—GH 

To find the length of any arc of a circle, when the chord 

of the whole arc and the chord of half the arc are given 

—Fig. 66, 
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fulcrum, and a door, represent levers of the second kind, 
In a lever of the third Isind, the power is between the 
fulerum and the weight, ag in Fig. 69. Levers of the third 
kind are instruments sueh as tongs, shears, &e_ 
Tn the first kind, the power is to the weight, as the dis 
tance W F is to the distance F P, 


Tn the second, the power is 
to the weight, as the distance 
F W is to that of F P;and, 

In the third, the weight is 
to the power, as the distance 
F P is to that of F W. 

To find the power. Multi- 
ply the weight by its distance 
from the fulcrum, and divide 
by the distance of the power 
from the fulcrum. 

To find the weight. Mul- 
tiply the power by its distance 
from the fulcrum, and divide 
by the distance of the weight 
from the fulcrum. 

‘To find the distance of the 
power from the fulcrum, Mul- 
tiply the weight by its dis- 
tance from the fulcram, and 
divide by the power 

To find the distance of 
the weight from the fulcrum. 
Multiply the power by its 
distance from the fulcrum, 
and divide by the weight. 


P Fw 
rae 
WF 
Pp 
Fig. 68. 
w 
FP 
Fig. 89, 


Let P be the power, F the fulcrum and W the weight, 
then for a lever of the first kind, (Fig. 67.) 





‘For u Crank, Pinion and Gear and Drum system: (Fig. 
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fixed point, as a fulerum, in a beam, and the weight is at- 
tached to the axis of the pulley. This kind of pulley 
doubles the power at the expense of the speed, and the 
product of the power by the diameter of the pulley, is 
equal to the product of the weight by the radius of the 
pulley. 

‘A movable pulley acting as a lever of the third kind ix 
shown at Fig. 74. One end of the cord is fixed to a floor, 
and the weight is attached to the other end, the power 
being applied to the axis. The 
power is equal to twice the 
weight, and the product of the 
power by the radiua of the 
pulley is equal to the product 
of the weight by the diameter 
of pulley. In the arrange- 
ment shown at Fig. 75 the 
power is equal to one-half the 
weight. 

A combination of movable 
pulleys with separate and par- 
allel cords ix shown at Fig. 76. 
Each system reduees the re- 
sistance to the extent of one- 
half, hence the power may be 
found by dividing and sub- 
dividing the weight suceessive- 
ly by 2, as many times as 
there are moveable pulleys. 
The weight may be found by multiplying the power sue- 
cessively by 2, as many times as there are moveable pul- 
leys. 

To find the power.—Divide the weight to be raised by 
the number of cords leading to, from, or attached, {o the 
power block, The quotient is the power required to pro- 
duce an equilibrium, provided friction did not exist, 


Fig. 74. 
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When the fixed end of the rope is attached to the fixed 
block, the power may be found by dividing the weight by 
twiee the number of moveable pulleys. When the fixed 















end of the rope is attached to the moveable block. the 
power may be found by dividing the weight by twice the 
number of moveable pulleys plus 1. 

To find the number of sheaves or pulleys required. Di- 
vide the power to be raised by the power to be applied; 
the quotient is the number of sheaves in, or cords attached 
to the rising block. 

To find the weight that will be balanced by a given 
power.—When the rope is attached to the fixed block, mul- 
tiply the power by twice the number of moveable pulleys. 

When the rope is attached to the moveable block multi- 
ply the power by twice the number of moveable pulleys 
plus 1. 
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The Inclined Plane. 


The inclined plane (Fig. 77) is properly the seeond ele- 
mentary power, and may be defined the lifting of a load 
by regular instalments, In principle it consists of any 
right line not coinciding with, but laying in a sloping di- 
rection to, that of the horizon; the standard of compari- 
son of which commonly consists in referring the rise to 





Fig. 17. 


so many parts in a certain length or distance, as 1 in 100, 
1 in 200, ete. the first number representing the perpen- 
dicular height, and the latter the horizontal length in at- 
taining such height, both numbers being of the same de- 
nomination, unless otherwise expressed. 

In using an inclined plane for the purpose of raising 
loads to a higher level, the power is applied parallel to 
the inclined plane, and the weight is raised in opposition 
to gravity, the work done on it is expressed by the prod- 
uet of the weight and the vertieal height of the inclined 
plane, 

The advantage gained by the inclined plane, when the 
power acts in a parallel direction to the plane, is as the 
Jength to the height. 

To find the power.—Multiply the weight by the height 
of the plane, and divide by the slant length. The quotient 
is the power. 

To find the weight.—Multiply the power by the slant 
length of the plane, and divide by the height. 





94 MACHINE SHOP PRACTICE 


To find the transverse resistance to the wedge or weight. 
—Multiply the power by the length of the slant side of the 
wedge, and divide by the breadth of the head. 

To find the power.—Multiply the weight or transverse 
resistance by the breadth of the head and divide by the 
length of the slant side of the wedge. 

To find the length of the slant side of the wedge.— 
Multiply the weight by the breadth of the wedge and di- 
vide by the power. 

To find the breadth of the wedge.—Multiply the power 
by the length of the slant side of the wedge, and divide 
by the weight. 

F=Force required. P=Resisting power. 
rt pee (Fig. 79.) 
8=Slant side of wedge=V H?+1* 


Note.—For all practical purposes the length L may be 
used instend of the slant length S of the side. 





The Screw. 


The screw, Fig. 80, in principle, is that of an inelined 





plane wound around a cylinder which generates a spiral 


Hea 
aa) 
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The Safety Valve. 


Safety Valves. In order to find the weight to be placed 
on the end of a safety valve lever to balance a given 
pressure of steam on the valve, it is necessary to ascertain 
the load on the valve due to the weight of the lever. The 
leverage with which the weight of the lever acts is meas- 
ured by the distance of its center of gravity from the ful- 
erum, The center of gravity may be found by balancing 
the lever on a knife edge, and the weight of the lever and 
valve may be obtained by weighing them. 

In Fig. 81, W is the weight at the end of the lever, L is 
the distance between the weight and the fulcrum, @ is the 
distance of center of gravity of the lever from the ful- 
erum, R is the distance between the center of the valve V 
and the fulerum. 





Fig. 81. 


To find the weight to: be placed on the end of the lever 
proceed as follows. Multiply the area of the valve V by 
the pressure in pounds per square inch above the atmos- 
phere, and call the product A. 

Multiply the weight of the lever by the distance of the 
eenter of gravity of the lever from the fulerum, and di- 
vide by the distance between the center of the valve and 
the fulerum, and add the weight of the valve to the quo- 
tient, and call the result B. 
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the pressure in pounds per square inch above the atmos- 
phere by the aren of the valve V, and by the distanee be- 
tween the center of the valye and the fulcrum, and divide 
by the distance between the weight and the fulerum, 

To find the length of lever or distance between the 
weight and the fulcrum. Multiply the pressure in pounds 
per square inch above the atmosphere by the area of the 
valve V, aud by the distance between the center of the 
valve and the falerum, and divide by the weight at the 
end of the lever. 

To findthe pressure on 
the valve in pounds per 
square inch above the 
atmosphere. Multiply the 
weight at the end of the 
lever by the distance bo- 
tween the weight and the 
fulcrum, and divide by 
the produet of the aroa 
of the valve V by the dis- 
tance between the center 
of the valve and the ful- 
erum, 

Safety-valve with spring 
balance. When the valve 
Vishold down by a spring, 
the lever is generally dis- 
pensed with ag shown in 
Fig. 82. 


Gravity and the Velocity of Palling Bodies. 
Gravity is the action of universal attraction which draws 
all bodies towards each other, and by which bodies on the 
surface of the earth are drawn towards ite centre, The 
line which a falling body describes, or the direction of 
gravity, is called the vertical line, the curvature of the 
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¥=Velocity in feet per second, 

t—Time in seconds 

hb—Height in feet 

g=gravity constant=32.2 

v=2Xexh v=V 2xsXxh 


ext 2xh xh) 
1S rine _ ey 


Weight does not enter into considerstion in the above. 
formulas. In a perfect vacuum a feather should fall from 
a given height in the same time that a pound weight 
would, .. 

To find the final velocity in feet per second, Multiply 
the time in seconds by 32.2. 

To find the height of the fall in feet. Multiply the. 
equare of the time in seconds by 16.1. 

To find the time of falling in seconds, Divide the height 
in feet by 16.1 and extract the square root of the quotient. 

Example: Find the velocity that a body will acquire. in 
five seconds: 32.2X5=-161 feet. 

Example: Find the space fallen through in seven seo- 
onds: 16.1X72=788.9 fect. 

Example: Find the velocity that a body will acquire in 
falling through 120 feet: \/120X64.4—\/7728—87.9 feet. 

The velocity acquired by a body falling through a given 
height is the same, whether it fall freely or descend upon 
a plane any way inclined. 

Force of gravity ix the cause of retarded and of aceel- 
erated motion on inclined planes, the acting force being 
as the height of the plane to its length. Eight pounds 
traction will overeome 2,000 pounds, or one ton of weight, 
but on an incline or rise of 1 in 350, the amount of trac- 
tion to overcome the same weight must be ‘y%%=6.4+8 
=144 pounds. Again, if.the weight be descending, then. 
the foree of traction is diminished in an equal ratio, and: 
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will at that place inerease the velocity of the descent of a 
falling body in each second of time, 

The space through which a body will fall during the 
time of one vibration of a pendulum vibrating seconds, is 
to half the pendulum’s length as the square of the cireum~ 
ference of a cirele is to the square of its diameter. 

‘The length of a Pendulum to vibrate Seconds, or Bixty 
‘Times in 9 Minute. 

t the Equator, equals 30,0162 inches. 
i the latitude of London 39.1393 inches. 
In the latitude of Edinburgh 39.1555 inches. 
In the latitude of Paris 39,1286 inches, 
In the Intitude of New York 30,1011 inches, 
In the latitude of Madras 39,0263 inches, 

In the latitude of Greenland 39,2033 inches. 
SPEOIFIO GRAVITY, OENTER OF OSCILLATION, 
CENTRIFUGAL FORCE, ETC. 

Specific Gravity. The comparative density of various 
substances is expressed by the term specifie gravity, which 
affords the means of readily determining the bulk from the 
known weight, or the weight from the known bulk. This 
is found especially useful in eases where the substance ix 
too large to admit of being weighed, or too irregular in 
shape to allow of correct measurement. The standard with 
whieh all solids and liquids are thus compared, is that of 
distilled water, one cubic foot of which weighs 1000 ounces 
avoirdupois, The specific gravity of a solid body is deter- 
mined by the difference between its weight in the air and 
in water. Thus: If the body be heavier than water, it 
will displace a quantity equal to its own bulk, and will 
Jose as much weight on immersion as that of an equal bulk 
of the water. If the body be weighed first in the air, and 
then in the water, and its weight in the air be divided by 
‘the difference between the two weights, and the quotient 

will be its specific gravity, that of water being unity. 

If the body be lighter than water, it will float, and dis- 
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quantity of the water equal to it in weight, the 
only of the part im- 


" 
: 
3 

ti 


to water, and the weight 
of both united in water bo subtracted from the sum; the 
weight of the lighter body in the alr must then be divided 
by the difference, and the quotient will be the specifle grav- 
ity of the lighter substance required. 

specific gravity of a fluid may be determined by 
heavy enough to sink in the fluid, and 
of known specifie gravity, and weighing it both in the air 
finid. The difference between the two weights 
be multiplied by the specific gravity of the solid 


EER 
tak 
£ 


otal the 

body, and the product divided by the weight of the solid 
in the air, the quotient will be the specific gravity of the 
Guid, that of water being-unity, 


Hi 
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‘Tape No. 7.— Specific Gravity and Weight per Cubic 


Substance 





Ach, White 
Aephaltum 
Brick—Pressed 
"Common 
Cement—Portland 
“Louisville 
Cherry 
Chestnut 
Clay—Common 


—Potters 
Coal—Anthracite 
“ —Bituminous 





Glass, plate 
Granite 


Lignam Vite 83 [Yow—8p 
if Di 


panish 
Magnesium watch 
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‘Tanne No, 9—Comparative Weights of Different 
Metals, 


Cast Inos=1. Gux Merar—1, 
Wrought Iron, Cast Iron. 
RA sts, Sire Wrought Iron 
ae ers ae . 

‘Oppers i nas 

Gun Metal. Copper 

Tend 2 a 660 J Lead. 
Correr=1. 
Cast Iron. we 
Wrought Iron. 
Stool. 6 ee 
Brass een ee 
Gun Metal. . « 

Srenz=1, 

CastIron . . Cast tron. . 
Wronght Iron Wrought Iron. 
es Steel . 


Cast Iron 1 

Wrought Iron. Wrought Iron 

Bteel. . . 1. 084 | Steel. . . . 

Gun Metal “72°. 1) Brsu. . . ss 
Gun Metal... 
Copper. 2... 


Yettow Pixe=1, 


Cast Iron 16,00 | Brass. . 18.80 | Copper . 19.30 
Steel . . 17.00 | Gun Metal 19.00 | Lead . . 24.00 





Examen: A Wrought-Iron plate weighs 700 pounds, 
required the weight of » similar plate of Gun Metal. 
ANSWER: 700 X 1.15 = 806 pounds. 





i 
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Percussion, The quantity of work stored in.a moving 
body is the same as that which would be accumulated in 
it by gravity, if it fell from a height sufficient to give it 
the same velocity, The effect of perenssive machines is 
produced by expending the work accumulated in the strik- 
ing body. 

Pile driving. In a pile-driving machine, with « ram 
weighing 396 pounds and 10 feet fall, the work accumu- 
lated in the monkey in each fall, will be-336 pounds > 10 
fect=3360 foot-lbs, If this work be expended in driving 
the pile 1 inch into the ground the foree exerted will be 
3360 foot-pounds 12 inches=40320 pounds. 

‘To find the work accumulated in a moving body in foot 
pounds. Multiply the weight in pounds by the square of 
the velocity in feet per second, and divide hy G44. + 

Level properly signifies points equidistant from the cen= 
tre of the earth on its surface. Any level taken by an instru- 
ment is only a tangent line to the earth's curvature, and is 
generally termed the apparent Jovel. The earth is nearly 
a sphere, with a mean diameter of 7925 miles, and if the 
square of the distance between any two points on its sur 
face be divided by ite diameter, the quotient will equal 
the exeess of altitude between the summit of the vertical 
diameter and that of the other point. At one mile distance 
the exeess by level with an instrament becomes 7,962 
inches, at two miles it is 31.848, being ax the square of the 
distance, The exeess subtracted from the apparent level, 
equals true level as required for extensive levelling opera- 
tions. 

Capillary attraction is a property observable in ‘mall 
tubes, flat, thin spaces, porous substances, ax sponge, wick, 
worsted, threads, etc., of raising water or other fluids above 
tho natural level. The prineiple iz used for obtaining « 
continuous supply of lubricating fluid between surfaces in 
motion by a syphon of threads; one ond of which is im- 
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Withont Inbrieanis, and within the limits of 32 pounds 
pressure per square inch, the friction of hard metal upon 
hard metal may be estimated at about one-sixth of the 
whole pressure. 

The sliding friction of plane surfaces in contact is in- 
creased by heat, and is diminished by rolishing and officient 
Tubrication; and it is less in motion than at starting. That 
portion of the pressure required to overcome friction is 
ealled the coefficient of friction, For oak and other woods, 
and cast-iron and other metals, each sliding on each other, 
and lubricated, the coefliciont varies according to the ef- 
ficieney of the lubrication, from .07 to .04 for sliding frie~ 
tion. Rolling friction is considerably less than sliding 
friction, 

The friction of motion wax formerly considered to be 
wholly independent of the yelocity of the motion, The re- 
sults of recent experiments show that the resistance of 
friction increases with the velocity, and that the coefficient 
of friction is extremely low, amounting in some casos to 
only .001, or a mere fraction of what it was formerly eon- 
sidered to bo, 

‘The experiments also show that the friction of lubricated 
bearings varies considerably with temperature, 


Belt Pulleys. 

Where motion has to be communicated from one shaft 
to another by means of a belt passing over pulleys, to find 
the diameter of oither pulley, to suit that of another with 
increased or diminished velocity, so that the same length of 
belt may be suitable without alteration, the question un- 
avoidably divides itself into two, as the pulley whose diam- 
eter is required is less or greater than that of a pulley 
which is known, When this point is uncertain, multiply 
ihe radius of the known pulley by 3.1416, and increase the 
product by the distance hotween the centres of the shaftr 
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other gears at any required distance apart, cause no varia- 
tion of velocity more than otherwise would result if the 
first and last gears were in mesh, 

To find the number of revolutions of the last, to 1 of the 
first, in a train of gears and pinions. Divide the product 
of all the teeth in the driving by the produet of all the 
teeth in the driven gears, and the quotient will equal the 
ratio of velocity required. 

Example: A gear of 42 teeth giving motion to one of 
12 teeth, on which shaft is a palley of 21 inches diameter, 
driving one of 6 inches diameter, required the number of 
revolutions af the last pulley to ane of the first pear. 

Answer: (42<21)-(126) =12.25, or 12% revolutions. 

Where increase or decrease of velocity is required to be 
communiented by gears, it has been demonstrated that the 
namber of tecth on the pinion should not be less than 1 
to G of ite wheel, unless there be other reasons for a 
higher ratio. 

‘When time must be regarded. Multiply the diameter, or 
number of teeth in the driving gear, by its velocity in any 
given time, and divide the product by the required velocity 
of the driven gear, the quotient equals the number of teeth, 
or diameter of the driven gear, to produee the velocity re- 
quired, 

Example: If a gear containing 94 tecth makes 20 revo- 
lutions per minute, how many teeth must another contain 
to work in contact, and make 60 revolutions in the same 
time? 

Answer: (84><20)=-60—28 teeth. 

The distance between the centres and velocities of two 
gears being given, to tind their proper diameters. Divide 
the greatest velocity by the least. The quotient is the 
ratio of diameter the wheels must bear to each other. 
Hence, divide the distaneo between the centres by the 
ratio plus 1. ‘The quotient will equal the radius of the 
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gear and the diametral pitch are known, the pitch diameter 
of the gear may be found, also the outside diameter, the 
working depth and clearance at the bottom of the tooth. 
Let P be the pitch diameter in inches, D the diametral 
pitch of the gear, O the circular pitch in inches, O the 
outside diameter in inches, T. the thickness of the tooth 
at the piteh line in inches, W the working depth of the 
tooth in inehes, and N the number of teeth in the gear, 
then 








N 
P=Pitch diameter La Qa.) 
2 
0 =Outside diameter =PtyD (2) 
+ N 
D=Diametral pitch = (8.) 
C=Circular pitch (4) 
W=Working depth of tooth’ (5.) 
N=Number of teeth (6.) 
T=Thickness of tooth = = 14 (7) 
Clearance at bottom of tooth= ~" (8.) 





Example: Required, the pitch diameter of a gear with 
20 teeth and 4 diametral pitch, 


Answer: From Formula 1, as the pitch diameter is 
equal to the number of teeth divided by the diametral 
pitch, then 20 divided by 4 equsls 5, as the required pitch 
diameter in inches, 
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TaBie, No. 10—Dntensions oF IxVoLUTE Toorn SPUR 
GEARS. 








‘The circular pitch corresponding to any diametral pitch number, may 
be found by diving the constant &lai6 by the diametral piten, 

_Exaurie: What is the circular plten in inches correwponding to 4 dia- 
metal p 


"AXAWEH: Dividing 3.1416 by 4 gives 0.7854 inches as the required clr- 
cular plteh. 





PROPERTIES OF STEAM 
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temperature of 98 degrees, and in sugar-refining, where such 
means are employed, the syrup is boiled at 150 degrees. 

To calculate the amount of advantage gained by using 
steam expansively in a steam engine. 

When steam of a uniform force throughout the whole 
length of stroke of the piston is used, the amount of 
effect produced is as the quantity of steam expended. But 
let the steam be shut off at any portion of the stroke, say 
at one half, it expands by degrees until the termination of 
the stroke, and then exerts half its original force. 

Divide the length of the stroke by tue distanee or space 
into whieh the boiler steam is admitted, and find the 
natural logarithm of the quotient, to which add 1, and the 
sum is the ratio of the gain. 


Example: An engine with a stroke of 6 feet has the 
steam cut off when the piston has moved through 2 feet. 
Required the ratio of gain by uniform and expansive force. 

Answr: 6-2—3. From Table No. 11 the natural logarithm 
of 3=1.098, and 1,09841—2098 ratio of effect, that is, 
supposing the whole effect of the steam to be 3, the effect 
by the steam being cut off at one-third of the stroke=2.098, 

Let the greatest force of steam in the cylinder of an 
engine equal 48 pounds per square inch, and let it be cut 
off when the piston has moved 414 inches, the whole stroke 
being 18, Required the cyuivalent foree of the steam 
throughout the whole stroke. 

Answer: 18-4.5=4, and 48:4=12. Nat. Log. of 4e= 
1.386, and 1.386-+1=2.386. Then 2.38612—28.63 pounds 
per square inch, 








From Table No. 11 it may be plainly seen that, if the 
steam is cut off at one-third of the stroke, and expanded 
to the end of the stroke the work done is about twice that 
done by the steam during admission, 
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condensation to 1 of water for the formation of steaw, 
the temperatore of the steam being 220 degrees and the 
required temperature of condensed water 18 degrees. 


(1000+220)—180_. 
Answer: 180-82 =8 times the quantity. 


Pressure and Expansion of Steam, 


‘Tho pressure of steam is equal in all directions, and it 
is usual to measure the pressure with reference to that of 
the atmosphere, whieh is equal to 14.7 pounds per square 
inch of surface, and is the measure of one atmosphere of 
pressure, Vapors, of which steam is one, do not follow the 
law of permanent gases, according to whieh the volume 
of a given weight is inversely as the pressure. It has been 
demonstrated, on the contrary, that there exists a constant 
relation between the pressure, the density, and the tem- 
perature of steam, such that the pressure cannot be raised 
ubove given maximum, without, at the same time, a eer- 
tain elevation of temperature. 

‘Volume and Pressure of Steam. If the volume be forci- 
bly reduced, and the vapor compressed, without any change 
of temperature, the compression has not the effect of aug- 
menting the pressure, as would happen if air was similarly 
treated, it only results in liquefying a portion of the 
steam, according as the volume is reduced, so that the 
volume, however reduced, will only contain so much pro- 
portionally the less of stenm of the original pressure, Jn 
order to inerease the pressure, the temperature must be 
raised. 

Point of Saturation of Steam. When the vapor has at- 
tained the limit of density and pressure, correspoading 
to the temperature, the steam is said to be saturated, and 
it is always in the state of saturation when in contact with 
water. For one pressure there is one density and one 
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much so that the pressure does not sensibly vary between 
and during the charges of steam taken from the boiler for 
each stroke of the piston. : 


Flow of Steam. 


Tt is known that gases and vapors act like liquids in 
flowing through tubes and orifices. The velocity of flow 
of liquids is given by the ordinary formula of gravity: 
which is ‘ 

V=V2gh, or V=8V/b; 


in which V is the velocity in feet per second, g the velocity 
acquired by a body falling from a state of rest, at the end 
of one second, being 22.2 feet per second, and h the height 
in feet through which the body falls. The velocity acquired 
in falling through a given height, is equal to 8 times the 
square root of the height in feet, the product being the 
velocity expressed in feet per second. A modification of 
the same formula is applicable for calculating the flow of 
gases. There is this distinction, that while for liquids, the 
height through which the water falls, to the orifice of flow, 
ean be easily ascertained by measurement, for gases it is 
necessary to ascertain the height by calculation. 

The Pressure of Gas or vapor is equal to that of a 
column of the gas of which the weight is equal to the 
pressure, and if the pressure per square inch be divided by 
the weight of a prism of the gas, one inch square and one 
foot high, the quotient ix the height in feet of the equiva- 
lent column of gas, from which the velocity of flow is to 
be ealeulated, ‘The velocity so caleulated applies to the 
discharge of the gas into a vacuum. But, under ordinary 
circumstances, a counter-pressure exists, being the pressure 
of the medium into which the gas is discharged, and the 
valne of the counter-pressure has to be deducted from the 
total pressure, when the difference, the net pressure of 
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the flow were free, is, nevertheless, sufficiently rapid for 
the proper performance of the steam in passing into and 
passing out of the engine. To reduce as much as possible 
tho- effects of contraction and friction in retarding the flow 
of steam, it is necessary to observe the following pre 
tions. To reduce as much as possible the lengths, and i 
crease the sectional areas, of the pipes and passages 
through which the steam is to pass, To avoid sudden 
changes of direction in the parts or passages, To obtain 
the steam ax dry as possible? 

Lead of the valve. If the lead of the valve is too late 
the maximum pressure of the steam in the cylinder is not 
attained until after a portion of the stroke is traversed 
hy the piston, When the lead of the valve is too earl 
the wteam is admitted so readily as to be momentarily 
comprested, and to cause, in some cases, an unfavorable 
pulsatory action of the steam. The total absence of lead 
of the valve likewise occasions an unsteady pulsatory 
action of steam in the cylinder. 

It is important to use dry steam, because, when the 
nteam ia condensed within the cylinder, or if it be loaded 
with water by priming, it causes back-pressure and loss 
of power. 








Absolute Temperature. 


The zero of temperature on the Centigrade and Fahren- 
heit seales has been chosen arbitrarily, on one the zero 
being the freezing point of water, and on the other a point 
22 degrees Fahrenheit below it. 

For seientifie purposes it is necessary to have a uniform 
zero, and such a point, called the zero of absolute tem- 
perature, has been chosen, the position of which is 461 
degrees Fahrenheit, below the zero Fahrenheit, or 273 de- 
grees Centigrade, below the zero Centigrade. 

Hence to express degrees Fahrenheit in degrees of abso- 
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the heat be continued until all the water is converted into 
steam, provided none of the steam can escape, the total 
weight of the steam is still exnetly the same as that of the 
water from which it is produced. 

It is evident, therefore, that the heat which produced 
these changes is without weight. Heat cannot, therefore, 
be a material substance. It was formerly thought to be 
some kind of subtle fluid, which flowed from hot bodica 
into colder ones. This theory is no longer accepted, be- 
cause it was found that heat could be developed to an un- 
limited extent from cold bodies merely by rubbing them 
together. 

A piece of cold iron can be made red hot by hammering 
it, A carpenter’s saw or machinist’s chisel or turning tool 
soon get bot when a rubbing action or friction, is set up 
between the tool and the work, although they are all quite 
cold to begin with. 

All bodies are assumed to be composed of minute par- 
Hieles ealled moleenles, held together by mutual attraction 
or cohesion and these molecules are in a state of continual 
agitation or vibration, Tho hotter the body the more vig- 
orous the vibration of its constituent particles. In solid 
bodies the vibrations are limited in extent. If this limit 
is exceeded, owing to addition of heat, cohesion is suffi- 
clently overeome ta enable the particles to move about 
freely and without restriction, and the solid has now be- 
come a liquid. On still continuing the heat, further sepa- 
ration of the molecules takes place, cohesion is completely 
overcome, and they fly off in all directions. The liquid 
then becomes a gas. 

The unit of heat in the amount of heat necessary to 
raise the temperature of one pound of water one degree 
Fahrenheit when the water is at its greatest density, 
namely, from 39 to 40 degrees Fahrenheit, 

The rate of transfer of heat from a hot body to a cold is 
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proportional to the difference of temperature betweon the 
two bodies. The greater the difference of temperature the 
greater the rate of flow of heat, 


of the furnace by radiation, it passes through the farnace 
plates by conduction and the water is heated by convection. 
‘The process by which hont passes from hotter to colder 
of the same body, or from a hot body to a colder 
in contact with it, is ealled conduction. A bar of 
iron having ane end pliced in the fire soon becomes hot 
at the other extremity, the heat being conducted from par- 
ticle to particle throughont its entire Jength, 

A piece of burning wood can be held with the hand close 
to the burning part. Some bodies, therefore, conduct beat 
more readily than others. 
water at $2 degrees Fahrenheit be heated in a closed 
such as an ordinary steam boiler, containing space 
of steam, and let hoat be gradually 
the temperature of the water will gradually 
corresponding to the pressure within the boiler, 
‘ion commences and steam is formed. 
is increased, the temperature, pressure, and 
‘or weight per eubie foot, of the stears increases in- 

long as the strength of the boiler is not ex- 
the relation between the temperature, pressure, 
always bears a certain fixed relation. 
just sufficient heat is supplied as to maintain the tem- 
constant, the pressure and density remain constant 

‘evaporation ceases, I? a commanieation be opened 
the boiler and engine, on escape of steam from the 
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boiler the pressure is momentarily reduced and re-evapora- 
tion commences rapidly. So long as the temperature is 
maintained, no sensible variation of pressure is noticeable 
in a boiler supplying steam to an engine, 





THE INDICATOR 
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diagram as traced on the card by the pencil of the indi- 
cator, differs more or less from a theoretical diagram, 
‘but an actual indicator diagram is considered the moro por- 
feet the closer it approaches the outlines of u theoretical 
diagram, 





Figs. 83 and 8 show external and cross-sectional views 
of a new form of Indicator. This instrament is in some 
ways a departure from the ordinary steam engine indi- 
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cator, One difference is in the location of the piston spring. 


‘This has been removed from the eylindrieal eace poar the 
piston to the outside, and is aifixed above the moving parts, 


Fig. $4. 








qwliere it will remain cool under all condi of 20, What- 
ever error arises from heat, as affecting the spring in the 
ordinary type of indicator, is not present in this instrament, 
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‘The other and more important difference lies in the size 
and shape of the piston. This piston is one square inch in 
area, and ig in the form of a central zone of a sphere, It 
is attached -by a rod directly to the upper part of the 
spring, and moves frecly and without restraint notwith- 
standing there may be some eccentricity in the action of 
the spring. In other words, this piston serves as a uni- 
versal joint to take care of the torsional strains of the 
spring when it operates the pencil mechanism of the indi- 
cator. The pencil mechanism is connected to the piston by 
a ball and socket joint. 

‘This rod slides through a sleeve attached to the base of 
the pencil mechanism, and, moving in a vertical line, com- 
pels the pencil to move also in a vertical line. 

Any motion of the piston due to the movements of the 
spring which causes the spring rod to devinte, will not 
affect the pencil mechanism in its vertieal path. The con- 
tact of the piston with the interior side of the cylinder is a 
lino, and does not induce friction. The piston of an indica- 
tor is usually a short eylinder fitted to slide easily within 
another eylinder, This form of piston is usually about one 
half inch long, and in use will develop friction about its 
circumference, A piston made in this manner must resist 
and overcome if possible the eccentricities of the spring 
in action, even then there is a want of freedom, notwith- 
standing the use of devices to relieve the piston friction. 
‘This condition tending to error is recognized by engineers, 
and considered in the computations made of the diagram 
taken by the indicator. The freedom of the piston move- 
ment in the indicator illustrated dispenses with the neces- 
sity of the correction of these errors. 

Another feature is the adjustment of the peneil to any 
desired position on the drum by loosening the binding nut 
below the spring and screwing the spring upward or down- 
ward, carrying with it the entire pencil mechanism, When 


il 
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from the indicator diagram taken from an engine of 6 
inches bore and stroks at 300 revolutions of the erank 
shaft per minute, what will be the indicated horsepower of 
the engine? 

Answer: The average effective pressure on the piston in 
pounds per square inch will be 647 less 14.7, which equals 
60 pounds, The area of the piston is 19,64 square inches 
und the total piston stroke 0.83 feet. As the speed is 300 
revolutions of the erank shaft per minute, then by Formula 
No. 1, if THP be the iudieated horsepower, then 

a EXON ED, ere os 

By Formula No, 6, a8 the square of the diameter of the 

cylinder is 25, then, 
50X0,88% 25% 800 
FE a ggg TH horsepower, 

The expansion curves of indicator diagrams vary con- 
siderably, and they do not obey any definite Jaw, ‘They 
are the resultant effect of a variety of causes operating 
differently in different engines, and even in the same en- 
gine by ehange of conditions 

An ideal indientor diagram is illustrated in Fig. 85, 

The release point D occurs just before the end of the 
stroke. With high-speed engines it is important to have an 
early exhaust, as the trouble is usually not to get the steam 
into the cylinder, but to get it out. 

The exhaust curve DE represents the fall of pressure 
which occurs in the cylinder when the exhaust port opens. 
A late opening to exhaust is a very grave defeet in an in- 
dieator, 

‘The back-proseure line EF shows the amount of the 
pressure against the piston during its return stroke. In non- 
condensing engines the back-pressure line coincides the more 
nearly with the atmospheric line, as the exhaust passages 
permit of a free exit for the steam, Tn eondensing engines 
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HORSEPOWER OF STEAM ENGINES. 


‘The standant of horsepower is the amount of energy that 
will raise a weight of 33,000 pounds one foot high in a 
minute, or 550 pounds one foot high in one second, An 
engine -or motor exerting one actual horsepower will raise 
@ weight of 10 pounds 3,300 fect in one minute, but will 
require 10 minutes to raise 330,000 pounds one foot high. 

Horsepower i of three kinds: Caleulated, actual or brake, 
and indicated horsepower. Culeulated horsepower is al- 
ways greatly in excess of actual or brake horsepower, as 
beat and friction losses do not enter into eonsideration in 
the formulas used, 

Actual or Brake horsepower is obtained by the use of a 
Prouy brake, go called after its inventor. This simple de- 
vice gives the actual energy in foot-pounds per minute, de- 
livered at the driving shaft. 

Tndieated horsepower represents the actual thermo-dynn- 
mio (heat pressure) conditions within the engine cylinder, 
Dat does not take into aceount friction or other external 
power losses. 

‘The factors entering into the ealeulation of the horse- 
power of a steam engine are, the effective temperature of the 
steams in the cylinder as indicated by the average pressure 
thronghont the piston stroke, the cubie contents of the 
cylinder, which are given by the length of the stroke and 
the area of the piston, and the number of working strokes 
or impulses per minute. 

The product of these factors, which is found by multiply- 
fing them together, will give the available energy in foot- 
pounds per minnte, This produet, divided by 33,000, gives 
the horsepower required. 
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To ascertain the horsepower when the average pressure 
upon the piston in pounds per square ineh is known, 

Find the area of the piston in square inches, by multiply- 
ing the square of its diameter by 0.7854, 

Find the total pressure in pounds on the piston by mul- 
tiplying its area by the average effective preesare in pounds 
por square inch, The average effective pressure is the aver 
age pressure in pounds per square inch less 14.7, which 
must be dedueted to allow for the atmospheric pressure 
against the piston. 

Find the useful piston travel in feet per minute by multi- 
plying twiee the length of the piston stroke in feet by the 
number of revolutions per minute of the crank shaft, for n 
doublo-acting steam engine. Find the energy in foot pounda 
per minute by multiplying the total pressure in pounds on 
the piston by the usefal piston travel in feet per minute. 

The horsepower may thon be ascertained by dividing the 
energy in foot-pounds per minute by 33,000, 

While there are numerous formulas in use for caleulating 
the horsepower of un engine, one of the most simple is ox 
follows: 

PXLXAXN 
= 33,000 

Whore P is the average effective proseure in pounds per 
square inch, L twice the length of the piston stroke in feet, 
A the area of the piston in square inches and N the number 
‘of revolutions of the erank shaft per minute. 

Example: What horsepower wil! a steam engine of 4 
inch bore and 6-inch stroke develop at 300 revolutions of 
the erank shaft per minute, eutting off at one-third stroke 
and having an initial pressare of 150 pounds per square 
inch? 

Answer: The average pressure from Table No. 12, eor- 
responding to 150 pounds initial pressure, with ono-third 
out-off, is 104.9 pounds, From this must be dedueted 14.7 
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pounds, which represents the back or atmospheric pressure 
Jn the ease of a single expansion engine, giving 90.2 pounds 
as the average effective pressure per square inch on the 
piston. From Table No. 3 the area of a cirele 4 inches in 
diameter is 12.57 square inches, and twice the length of the 
piston stroke, which is 6 inches, is equal to one foot, then 
mp0 ATE SAS <$0_10.81 horsepower. 

The following formulas, 2, 3, 4 and 5, are merely trans- 
positions of Formula 1, but will bo found very useful in 
ascertaining the value of any one of the five factors in 
Formula 1, when the other four are known. 

HE 
P=83,000 57 aN (2) 

Where P is the average effective pressure on the piston 
in pounds per square inch. 

Example; What is the average effective pressure on the 
Piston of an engine, with a eylinder 12 inches in diameter 
and piston stroke of 18 inches, the number of revolutions 
of the crank ehaft being 100 per minute, and the horse 
power 407 

Answer: As the area corresponding to 12 inches diame~ 
tor ix 113.09, or in round numbers, 213, then formula 2. 


PX33,000, ‘38.9 pounds, 


= 

8X118X100 
To ascertain the required length of the piston stroke in 

feet, when the other terms in the equation are known: 


(3) 





Where L is equal to twice the piston stroke in feet, 

Example: An engine is required to develop 40 horse- 
power, with 389 pounds averago effective prosture per 
square inch on a piston 12 inches in diameter and a speed 
of the crank shaft of 100 revolutions per minute, What 
should be the length of the piston stroke? 
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Answer: The avernge effective pressure being 38.0 
pounds, then by Formula 3, 


40 
1=88, 0005 9x115100 00? foot. 


Given a piston stroke of 18 inches, 
To find the required cylinder diameter, other conditions 
being as before stated: 
nr 
A=88,0007 XN @) 
Where A is the area of tho cylinder in square inches, 

Example: An ongine is required to develop 40 horee- 
power with an average effective pressure on the piston of 
389 pounds per square inch, The length of the stroke ia 
18 inehes and the speed of the engine erank shaft js 100 
revolutions per minute, what should be the cylinder dia- 
moter? . 

Answer: The area of the cylinder by Formula 4 is thero- 
fore 

A=89,000—— #9 118.1 square inch 
SDN eemcin es Seer inches: 
And from Table No, 3 the nearest diameter corresponding 
to an aren of 113.1 square inches is 12 inches, 

The speed of the crank shaft of an engine may bo readily 
ascertained from Formula 5, that is, if N be the speed of 
the crank shaft of the engine in revolutions per minute, 
then 

x= HP 
beoaas Dane Ae 

Example; What should be the speod of ihe erank shaft 
of an engine with a cylinder of 12-inch bore and 18-inch 
piston stroke, to d 40 w with an average 
effective pressure 8.9 pou 
piston? 
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revolutions per minute by Formula 65, will therefore be 


40 ‘ . 
N=35, 0005 aig 10? evolutions per minute. 


The following formula may be used in place in Formula 
1, if 20 desired: 

PXLXD*XN 
oe 42,000 ©) 

Where D is the diameter of the piston in inches, the re- 

mainder of the terms used being the same ax in Formula 1. 

Example: Calculate the horsepower of the same engine 
by formula 6. 

Answer: As the square of the diameter of the piston is 
4x4=16, then 

be 300. 
5 =10.81 horsopower. 

On the basis of these formulas, two simple rules may be 
dorived for calculating the horsepower of a steam engine: 

1. The horsepower is equal to the average effective pres- 
sure in pounds per square inch, multiplied by twice the pis- 
ton stroke in feet, "by the area of the piston in square 
inches and by the number of revolutions of the erank shaft 
per minute, divided by 33,000, 

2. The horsepower js equal to the average effective pree- 
sure in pounds per square inch, multiplied by twice the pis- 
ton stroke in feet, by the square of the diameter of the pis- 
ton in inches and by the number of revolutions of the erank 
shaft per minute, divided by 42,000. 

Tt should always be borne in mind that 14.7 pounds must 
fn any case be deducted from the average pressure to obtain 
the average effective pressure on the piston, whether the 

average pressure is obtained from an indicator diagram, 
from Table No. 12, or from Formula 2. 

Squares of diameters and areas of circles, are given in 
Tables No. 1 and 3. These may be used in connection 
with Formulas 1 to 6, 
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TABLE No, 12—Average Steam Pressure on Piston, 
in Pounds per Square Inch. 


Number of 
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HORSEPOWER OF GAS AND GASOLINE ENGINES. 


As the formulas used for the calenlation of the horse- 
power of steam engines are not as a rule directly applicable 
to gas and gasoline engines, formulas are here given that 
will be found better suited to the purpose. 

From a theoretical standpoint a two-eyelo engine should 
not only have as great a speed as a four-cyele engine, bat 
should be capable of developing almost twice the power. It 
is a fact, however, that in netual practice the performance 
of a two-cycle engine is far different. 

The horsepower of a two or four-cycle engine may be 
calenlated from the following formulas: 

Fe (Two-ycle). a) 
Where D is the diameter and 8 the stroke of the piston in 
inches, N the number of revolutions of the crank shaft per 
minute and HP the required horsepower, 

Example: Required the horsepower of a two-eyele engine 
of 6 inches bore and stroke at 600 revolutions of the crank 
shaft per minnte? 

Answer: ‘The square of the bore multiplied by the stroke 
is equal to 216, which multiplied by 600 and divided by 
21,000, gives 6.17 as tho required horsepower, or by For- 
mula 1. 

B6X68X600, 
HPe= 21,000 =6.17 horsepower. 

For a four-eyele engine, the formula is: 

D5x8xN - 
HP 000° (Four-cycle). (2) 

Example: What horsepower should be developed by a 
four-cycle engine of 6 inches bore and stroke at 600 revolu- 
tions of the crank shaft per minuto? 

Answer: As the bore and stroke of the engine are like, 
the square of the bore multiplied by the stroke is equal to 


SS 
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the cube of 6, which ie 216, this multiplied by 600, and 
divided by 18,000, gives 7.20 as the horsepower of the 
engine, or by Formula 2, 
216600. 
P= F900 720 horsepower. 

A four-cyclo gas or gasoline engine has only one working 
stroke or impulse for each two revolutions of the erank 
shaft. During these two revolutions which complete the 
cycle of the engine, six operations are performed: 

1. Admission of an explosive charge of gas or gasoline 
vapor and air to the cylinder of the engine. 

2 Compression of the explosive charge. 

& Ignition of the compressed charge by a hot tube or an 
electric spark. 

4. Explosion or extremely sudden rise in the pressure of 
the compressed charge, from the increase in temperature 
after ignition, 

5. Expansion of the burning charge during the working 
stroke of the piston of the engine. 

6, Exhaust. or expulsion of the barned gases from eylin- 
der of the engine. 

As pressure increases with w rise in temperature, which 
in « gas or gasoline engine the moment after ignition has 
taken place is about 2,700 dogrees Fahrenheit, the higher 
the temperature of the ignited yases, the greater would be 
the pressure. As this pressure is expended in work on the 
piston of the engine, the whole of it might, if expansion of 
the burning gases were continned Jong enough, be utilized. 
Full utilization of the expansion of the bases is however 
impossible from n mechanical standpoint. ‘The expansion 
of the gases should be as rapid as possible, as the faster 
the piston uncovers the cylinder wall, the less time will be 
left for the transmission of heat or energy to the eylinder 
wall Gasoline vapor or gns, in themselves are not com- 
bnstible, but must be mixed with a certain amount of air 
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before ignition and consequent combustion of the charge 
ean be effected. The combustion of the gases is not in- 
stantanoous as might bo imagined, but eontinues during the 
entire working stroke of the piston of the engine, The ex- 
tremely high temperature produced by the combustion ne- 
comsitates the use of a cooling device round the exterior of 
the eylinder of the engine in the form of a water jacket, 

Gas and gasoline possess many advantages over steam 
engines, and compare favourably with them ax regards the 
cost of fuel. 

Electrical Horsepower. One clectrical horsepower is 
‘oqual to the current in amperes multiplied by the electro- 
motive foree or voltage of the eiveuit and divided by 746, 

Let © be the current in amperes and E the voltage of the 
circuit, If EHP be the required electrical horsepower, then 

EXC 
EHP= 746 q) 

Example; What is the electrical horsepower of a 200- 
volt motor, which takes a current of 80 amperes? 

Answor; As the voltage is 200 and the current $0 am- 
peres then by Formula 4, 

pup oy. 44 horsepower. 

One electrical horsepower is also equal to 746 watts. 

If € bo the current in amperes, E the electro-motive foree 
or voltage, R the resistance, and EHP the electrical horse- 
power, then 






me 
ox @) 
In practice with motors or small power, 1,000 watts are 
to deliver one mechanical or brake horsepower 
at the driving shaft of the motor. 
the wf of an electric moter be 
be readily found by 
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If E be the voltage of the eireuit and C the eurrent in 
amperes consumed by the motor, let BHP be the brake 
horsepower of the motor and ¢ the efficiency of the motor, 
then 

BHPX746 
FID ® 

Example: What is the mechanical efficiency of a 200- 
volt motor, which when taking a current of 80 amperes, 
shows on a brake-test, 17.16 horsepower? 

Answer: As the brake horsepower is 17.16, the voltage 
200 volts, and the current 80 amperes, then by Formula 3, 


ewlti10x746 80 per cant, 
00x80” PEF cent, 


HORSEPOWER OF GEAR WHEELS. 


1, When the circular pitch is given—to find the horse- 
power capable of being transmitted by cast iron gears with 
cut teeth: Multiply the pitch diameter of the gear by the 
circular pitch of the teeth, by the width of the teeth, (all ia 
neh measurements), and by the number of revolutions of 
the gear per minute. Divide the product by 550 and the re- 
sult will be the horsepower the gear is capable of trans- 
mitting. 

Let D be the pitch diameter of the gear, O the eireular 
Pitch and EB the width of the tooth, (all in inch measure- 
ments, R the number of revolutions of the gear per minute 
and 4H. P. the ho-sepower the gear is capable of transmit- 
ting, then me 

DXCXFXR 
HP= 350 (yy 

Example: What horsepower will the following east iron 
gear with cut teeth transmit at 100 revolutions per minute? 
‘The circular pitch of the gear is 2 inches, the number of 
teeth 33 and the width of the face of the tooth 2 inches, 
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Answer: Ax the pitch dinmeter of the gear ix mpprox- 
imately 21 inches, then 


Note: A cast iron gear with eut teeth of 1 ineh cireular 
piteh and 1.048 inches width of tooth and with 33 teeth will 
transmit 1 horsepower at 50 revolutions per minute, As 
the piteh diameter of the gear approximately 104 inches, 
thea 

15K IX 1,048%50- 
ee Ms =1 horsepower. 

2. When the diameter pitch is given to find the horse- 
power capable of being transmitted by cast iron geare with 
cut toeth: Multiply the pitch diameter of the gear by the 
width of the tooth (both in inch measurements), and by 
the number of revolutions of the gear per minute. Divide 
the product by the Diametral pitch and by 175, and the re- 
sult will be the horsepower the guar ia capable of trans- 
mitting. 

Let D be the pitch diameter of the gear, F the width of 
the tooth (both in inch meusurements), B the number of 
revolutions of the gear per minute of the gear, P the dia- 
moetral pitch aud H.P the horsepower, then 

DXFXR 
bara (2) 

Example: What horsepower will the following cast iron 
goar with ent teeth transmit at 100 revolutions per minute? 
‘The diametral piteh of the gear is 1%, the width of the 
face of the tooth 2 inches, and the pitch diameter 20 inches, 

Answer: 20X2X100. 

Ta ati ‘15.24 horsepower. 

3. To find the horsepower capable of being transmitted 
‘by a goar with cut teeth of any given material. Multiply 
the results obtained by Rule 1 or 2, or by Formula 1 or 2, 
‘by the coofficients for the various metals given herewith, 


ee 


THE INDICATOR 


Cast fron being taken as 1 or unity, then: Malleable 
Iron=125, Brase=133, Bronze—1.66, Gun Metal—2.00, 
Phosphor Bronze=3.00, Wrought Iron—3.33, Steel—4.00. 

Example: If a cast iron gear of given dimensions will 
transmit 2 horsepower, what horsepower will a similar gear 


if made of phosphor bronze? 


Answer: As the coefficient for phosphor bronze is 3, 
then 23=8 horsepower that the gear will transmit if 


made of phosphor bronze in place of east iron. 


Note: If the diametral instead of the circular pitch be 
given. To find the circular pitch of the tecth, divide 


3.1416 by the diametral pitch of the gear. 


Rxample: Required the cireular pitch of the teeth of » 


gear of 4 diametral pitch? 


Answer: 3.1416 divided by 4, gives .7854 as the cireular 


pitch in inches of the gear teeth. 


Example: What is the circular pitch of a gear of 2 


diametral pitch? 


Answer: 3.1416 divided by 2, gives 1.5708 inches as the 


circular pitch of the gear teeth. 


Blectricity or electrical energy’ may be generated in sev- 
eral ways: Mocbanieally, by means of a dynamo, and stati- 
eally or by friction. By whatever means it ix produced, 
there are many properties which are common to all. There 
‘are also distinctive properties. The current supplied by a 
storage battery will flow continuously until the battery is 
practically exhausted, while the current from a dry bat- 
tery can only be used intermittently: that is, it must have 
slight periods of rest, no matter how short they may be. 

Electrical Rules and Formulas. Foree is any cause of 
change of motion of matter. It is usually expressed by 
volts, pounds or other units. 

Resistance ig a counter-foree or whatever opposes the 
action of another foree. 

Work, is forco oxorcisod in traversing or erossing a space 
against a resistance of counter-force, Fores multiplied 
‘by space or distance represents work in foot-pounds, 

Energy is the capacity for doing work, and is measured 
‘by the work done. 

‘The cause of a manifestation of energy is force. If this 
de eloctro-motive energy or electric energy in eurrent form 
i is called Electro-motive force. The practical unit of 
eleetro- motive force is the Volt, 

When electro-motive force does work in a closed electric 
Circuit a current is produced, The practical unit of current 
ix called the Ampere. 

A current of electricity, when flowing in a closed electric 
eirenit, paces through some substances more easily than 
through others, 

The relative case of passnge of the electrie current is 
Known ax conductive. In practical calculations its reeip- 

159 
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rocal, which is called resistance, is generally used. This 
practical unit is known as the Ohm. 

A current of one Ampere is maintained by one Volt 
through a resistance of one Ohm. 

Ohm’s Law may be generally stated under the following 
heads: 

The current is in direct proportion to the voltage of the 
cireuit, and inversely proportional to its resistance. 

1. The current is equal to the voltage divided by the re- 
sistance of the circuit. 

2. The voltage is equal to the eurrent multiplied by the 
resistance of the circuit. 

3. The resistance of the cireuit should equal the voltage 
divided by the current required. 

Let © be the current in amperers flowing in the closed 
electric circuit, and E the electro-motive foree or voltage of 
the cireuit, if R be the resistance in Ohm’s of the circuit 
when closed, then 


E 
ary a) 
E=OXR (2) 

= ‘ 
R=G (3) 


Bxample: What will be the current flowing in a closed 
electric cireuit with an clectro-motive foree of 50 volts and 
a resistance of 2 Ohms? 

Answer: By Formula 1, the current will be 50 divided 
by 2, which gives 25 amperes. 

Example: What must be the voltage of an electric eir- 
cuit to force 25 amperes through 2 Ohms resistance? 

Answer: From Formula 2, the voltage will equal 
multiplied by 2, or 50 vol 

Example: Through what amount of resistance will an 
electro-motive foree of 50 volis, force a current of 25 am- 


peres? 
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Answer: By formula 5, 50 divided by 25 equals 2 Ohms 
as the required resistance. 

Ampere-hour. The term ampere-hour ia used to denote 
the capacity of « storage of a elosed-cirenit primary bat- 
tery for current. A storage buttery that will keep a 2 
ampere lamp burning for § hours is said to havo a 16 am- 
pere-hour eapacity. Tn a similar manner an 80 ampere-hour 
battery would operate the same lamp 40 hours. The voltage 
of a battery does not enter inte the ealeulation of Sts am-" 
pere-hour capacity. 

Watt-hour. A current of one ampere flowing in a closed 
electric circuit, with an electro-motive force of one volt, ix 
‘equal to one yolt-ampero or one watt, The voltage of a 
cirenit, multiplied by the rate of the current flowing in 
amperes, gives the rate of work, or energy expended in 
‘watt-hours. 

An eleetro-motive force of one volt, with a eurrent 
strength of one ampere, is capable of developing an amount 
of work or energy called a watt, 

4, One volt multiplied by one ampere is therefore equal 
to one watt. 

6. The square of current multiplied by the resistance ix 
aleo equal to the number of watts, 

6. The square of the electro-motive force or voltage, 
divided by the resistance is also equal to the watta, 

Let E bo the cloctro-motive foreo of an olectrie circuit 
supposed close. If C be the current in amperes, B the re- 
sistance in Ohms and W the watts, that is the product of 
the Volis multiplied by the Amperes, then 


W=EXC (4) 

=CXR (6) 
E 

=k (8) 


Example: What is the rate of work or energy of an 


162 MACHINE SHOP PRACTICE 


electric circuit, which has an electro-motive force of 60 
volts and a current of 25 amperes? 

Answer: By Formula 4, the energy is 50 multiplied by 
25, or 1250 watts, 

Example: With a current of 25 amperes and a resis- 
tance of 2 Ohms, what is the rate of work or energy in 
the eirenit in watts. 

Answer: From Formula 5, the work or energy in the 
cireuit is equal to 25><25X2—=1250 watts. 

Example: What is the rate of work or energy in an 
electric cireuit having an electro-motive foree of 50 volts 
and a current of 25 amperes. 

Answer: By Formula 6, the rate of work or energy is 
5050 divided by 2, or 1250 watts. 
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Tf a machinist wishes to become a first class workman he 
must learn to thoroughly understand the necessity of close 
or securate measurements. With the aid of «| micrometer 
he will soon learn to detect the difference bétween one- 
half and one-thousandth of an ineb, and will then begin 
fo appreciate the value of delicate or fine measurements and 
seeurate workmanship, 

At the present time when the making of interehangeable 
parts for machinery is an established factor in all large 
shops, the fitting of one part ‘to another is no longer a 
question of guesswork, but of working to gauges and tem- 
plets, the absolute sixes of which are definitely fixed, Hence 
the iecessity for accurate mensuring devices as are here- 
with illustrated, whieh were formerly to be found only in 
a fow largo ehopa, : 


‘Micrometers, 


Micrometers form convenient and accarafe instruments 
for fine external measurements. They are made in different 
sizes und styles to measure all sizes. They are graduated 
to read to thousandths of an inch, and one-half and one- 
quarter thonsandths are readily estimated, Some microme- 
ters have yorniers by which sizes can be obtained to ten- 
thonsandths. 

The gauge screws are encased and protected from dirt 
and liability to injury. The parts most subject to wear 
are hardened and means of adjustment are provided to 
compensate for wear of the screw or nut, The decimal 
equivalents stamped on the frame are very convenient and 
render possible the immediate expression of readings in 
eights, sixteonths, thirty-seconds and gixty-fourths of an 
inch, 

165 
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Fig. 80. 
The chief mechanical principle embodied in the construc- 
tion of a micrometer is that of a serew free to move in a 
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fixed nut. An opening, to receive the work to be measured, 
is afforded by the backward movement of the serew and 
the size ofthe opening is indieated by the graduations. 







Vig 87 
A standard form of micrometer is shown in Fig. 86 which 
will measure up to 1 inch by one-thousandths of an ineb. 
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Fig. 87 illustrates a mierometer with removable anvils or 
quick changes of mensurements, 


How to Read a Micrometer. 


The spindle C, Pig. 88, is attached to the thimble E at 
the point H. The part of the spindle which ix concealed 
within the sleeve and thimble is threaded to fit a nut in 
the frame A, ‘The frame being held stationary, the thim- 
ble B is revolved by the thumb and finger, and the spindle 
© being attached to~the thimble revolves with it, and 
moves through the nut in the frame, approaching or re- 


AD E H 








Fig. 8h 


ceding from the anvil B, The article to be moasured ix 
placed between the anvil B and the spindle C. The men- 
surement of the opening between the anvil and the spindle 
is shown by the lines and figures on the sleeve D and the 
thimble E. 

‘The piteh of the serew threads on the concealed part 
of the spindle ix 40 to an inch. One complete revolution 
of the spindle therefore moves it longitudinally one fortieth 
(or twenty-five thonsandths) of an itch, The sleeve D ix 
marked with 40 lines to the inch, corresponding to the num- 
ber of threads on the spindle. When the micrometer is 
closed, the beveled edge of the thimble coincides with the 
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Tine marked 0 on the sleeve, and the 0 line on the thimble 
agrees with the horizontal line on tho sleeve Open the 
micrometer by revolving the thimble one full revolution, or 
until the 0 line on the thimble again coincides with the 
horizontal line on the sleeve. The distance between the 
anvil B and the spindle C is then 1-40 (or .025) of an inch, 
and the beveled edge of the thimble will coincide with the 
second vertical line on the sleeve. Each vertical line on the 
sleeve Indicates n distance of L40 of an inch. Every fourth 
Tine is made longer than the others, and ix numbered 0, 1, 
2, 3, ete. Each numbered line indicates a distance of four 
times 1-40 of an inch, or one tenth. 

The beveled edge of the thimble is marked in twenty- 
five divisions, and overy fifth line is numbered, from 0 
to 25. Rotating the thimble from one of these marks to 
the next moves the spindle longitudinally 126 of twenty 
five thousandths, or one thousandth of an inch. Rotating 
it two divisions fieates two thousandths, ete, Twenty- 
five divisions will indicate a complete revolution, .02. 
1-40 of an inch. 

To read the micrometer, therefore, multiply the number 
of vertical divisions visible on the sleeve by 25, and add 
the number of divisiona on the bevel of the thimble, from 
to the line whieh coincides with the horizontal line on the 
sleeve, ' For example, as the (ool is represented in the en 
graving, there are ten divisions visible on the gleeve. Multi- 
ply this number by 25, and add the number of divisions 
shown on the bevel of the thimble, which is 10. The 
mierometer is therefore open two-hundred and sixty-thon- 
sandths. (1025=250-+10—260), 
























or 


How.to Read a Micrometer to Ten-Thonsandths. 


Readings in ton thousandths of an inch are obtained by 
the use of a veruier, so named from Pierre Vernier, who 
invented the device in 1631. As applied to » micromet:s 
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this consisis of ten divisions on the adjustable sleeve, which 
“occupy the same space as nine divisions on the thimble, 
‘The differenee between the width of one of the ten spaces 
on the sleeve and one of the nine spaces on the thimble ix 
thorefore one tenth of a space on the thimble. In Fig. 80 


awio6 2° 
* 
* Y 
sureve 
A B 
Pig 80, 





at A the third line from 0 on thimble eoineides with the 
first Hine on the sleeve, The next two lines on thimble and 
sleeve do not coincide by one tenth of a space on thimble. 
‘The next two, marked 5 and 2, are two tenths apart, and 
ao on. Tn opening the micrometer, by turning the thimble 
to the left, eael space on the thimble represents an open- 
ing of one thousandth of an inch, If therefore the thimble 
be turned se that the lines marked 5 and 2 coincide, the 
micrometer will be opened two tenths of one thansandth 
or two ten thousandths, Turning the thimble further, until 
‘the line 10 coincides with the line 7 on the sleeve, as in 
Fig, 89 at B, the micrometer has been opened seven ten 
thousandtha and the vending is .2257, 

To read a ten thousandths micrometer, first note the 
thousandths as in the ordinary micrometer, then observe the 
line on the sloove which coincides with a line on the thim- 
ble. If it ix the second line, marked 1, add one ten thon- 
sandth; if the third, marked 2, add two ten thonsandths, 
ote. 
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Screw Thread Micrometer, 


The micrometer shown in Fig. 90 is intended for the 
aceunite measurement 
of V threads on screws, 
taps, thread gauges, 
ote,, by measuring the 
netual thread. 

The distinctive 
feature in theconstruc- 
tion of this micrometer, 
is that the end of 
the movable spindle 
is pointed and the 
fixed end or anvil is 
Vohaped. Enough is 
taken from the end of 
the point and the bote 
tom of the V is carried 
down low enough, so that they will not rest 
on the bottom or top of the thread to be 
measured but on the cut surface, As the 
thread itself ix menaured, it wilt be seen 
that the actual outside diameter of the 
piece does not enter into consideration, 

As only one-half of the depth of the 
thread from the top, on each side is 
measured, the diameter of the thread aa 
Indicated by the caliper, or the pitch diam- 
oter, is the full size of the thread less the 
depth of one thread, 


‘This depth may be found as follows 











Pig. #9, 
Dopthuf V  threads=.866 +numberof threads to 1 inch, 
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As the U. S standard thread is flatted 1-8 of its own 
depth on top, it follows that the piteh diameter of the 
thread is increased 1-8 on each side, equaling 1-4 of the 
whole depth and instead of the constant 866 the constant 
6495 in used, which is throe-fonrihs of .866, 

While the movable point measures all pitches, the fixed 
anvil is limited in its enpacity, for if made large enough 
to measur a 4 piteh thread is would bo too wide at tho 
top fo measure a 24 piteh thread and if made to measure 
o 24 piteh thread it would be #0 small that the thread 
would sot obtain a proper bearing in the anvil. Thus each 
micrometer is necessarily limited in the range of threads 
that the anvil ean measure, 


Ratchet Stop for Micrometers, 


When using the device shown in Fig. 91, the ratchet slips 
by the pawl when more than @ certain amonat of pressure 


Pig. 01. 
is applied, and so prevents the measuring spindle from 
turning further and perhaps springing the instrument. 

It is valuable where a number of measurements have to 
bo taken quickly ond especially where measuremonts aro 
taken by more than one person with the same micrometer, 
as by lis use the same amount of pressure is applied to the 
article to be measured, in every case. 


Sheet Motal Micrometer. 


The Mierometer shown in Fig, 92, is recommended a8 
especially’ convenient for sheet metal workers, 
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By placing the middle finger of the right hand through 
the ring, the mierometer is readily held at right angles to 
the sheet to be measured and readings made while in this 
position, Tho thimble can be operated by the forofiager 
and thumb of the same hand. 








: Fig, 92, 

‘The micrometer measures all sizos less than four-tenths of 
an ineh by one-half thousandths of an inch, bat one-quar- 
ter thousandths are readily estimated, 

To facilitate the reading of the micrometer while held 
in position, the one-half thousandths readings are taker 
from the dial at the top of tho spindle, the readings being 
indicated by the pointer, The twenty-five thousandthe 
readings, or those corresponding to the readings on the 
barrel of an ordinary Micrometer, are taken from the scale 
at the top of the frame. 

Tha. decimal equivalents stamped on the frame are eon- 
venient and render possible the immediate expresmon of 
readings in Sths, 16ths, 32ds and Giths of an inch. 
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aside Micrometer Ganges. 


Tho Inside Micrometer Gauge, shown in Fig. 93, is de- 
signed for making internal measurements, ax in measuring 
rings, eylinders, setting calipers, comparing gauges, and 


Fig, 93, 


work of « similar character. It is also well adapted for 
measuring parallel surfaces, 

The Gauge consists of a holder provided with a miero- 
meter screw and thimble. The serew has a movement of 
three-tenths of an ineh; and, by the use of the extension 
rods furnished, measurements from 3 to 6 inches may be 
made by thonsandths of an inch. 
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The extension rods vary hy inches, and should be read- 
jnated only when the point of the rod has bocome worn, 

Provision ix made for adjustment to compensate for wear 
of the serew and mensuring surfaces, ‘The measuring sure 
faeos aro hardened 
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Fie. 94. 


‘The micrometer gauge illustrated in Fig. 94 ix designed 
for internal measurements of large eylinders and of die- 
tances between uprights. The body of the tool is. steel 
tube provided with a binding ebnck on each of its ends, 





Tuto one end ix clamped a plain rod, whieh, when the chuck 
in loosened, ean be quickly adjusted to any approximate 
size. Into the other end is screwed a threaded anvil for 
fine adjustment, 

‘To set the gange it is only necessary to Joosen the ebuck 
that clamps the wire rod, slide the rod out or in to the 
required size, and clamp it. If not quite correct, Joosen 
the ehuek an the oppoxite end and turn the anvil out or in 
what little is needed, 











Caliper Ganges, 


‘The Caliper Gange shown in Fig. 95 is hardened and 
ground accurately, one end for outside and the other for 
inside measurements, By their use, mistakes in tho setting 
6f calipers and variations in mengurements may be ina 
great measure avoided. Their form gives lightness and 
strength, making them proferable to plugs and rings for 











| 
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frequent use, As furnishing eonventent and reliable stand- 
ard sizes for every day use in the workshop, they are of 
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great advantage and their use contributes to uniformity in 
the production of the working parts of machinery. 

Sixes larger than three inches are made in two parts 
for convenience in handling. 


Limit Ganges, 


‘The accurate production of duplicate parts, as required 
in the economical manufacture of machinery, tools, instra- 
ments, ote, demands accurate Ganges and, in order to 
secure the most economical production, Limit Gauges are 
necessary to avoid time being wasted in finishing the work 
undaly accurate und still leaving it #0 that two or more 
parts when brought together will fit sufficiently well to mect 
requirements. 

‘The advantages derived from the wae of Limit Ganges 
are being appreciated more and more, as, by their use, the 
time consumed in testing and gauging is reduced to a mini- 
raur, and the duplication of parts is insured. 

The cuts shown in Fig, 96 represent tha most common 
form of Internal and External Limit Gauges, 

The two ends of Gauges of this type are of different 
ah. The workman is thus enabled to easily and quickly 
distinguish the large from the small end without looking at 
the sizes stamped upon the Gauge. 

These Gauges are not only used as references for finish- 
ing operations but are of great advantage in roughing work 
for finishing. When used in this way the same amount of 
stock ia left on eneh piece, thus enabling tho operator, who 
finishes the pieces, to work to better advantage than if they 
were of various sizes. 











Depth Gauges. 


The gauge shown in Fig. 97 is designed for measuring 
the depth of grooves, holes or irregular parts. It has a one- 





Pig. 1%. 
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Fig. 100 illustrates a form of aniversal surface gauge 
which has a V-shaped groove in one end and another in 






cirealar work, 


the base which makes it 
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Pig. 08 
Surface Ganges. 


‘The Surface Gauge shown in Fig, 90 in admirably adapt- 
ed for large work. Tho soove nnd needle clasp, whon 
Toosened for adjustment, are both held by a slight spring 
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friction, and by a single knurled nut both ar rigidly 
clamped. For fine adjustment, the spindle in the base is 
raised or lowered by a kourled nut, and all backlash ix 
taken op by a spiral spring in the base. 


For heights above 12 inches an extension xed is provided 
to couple on to the spindle. 


Pie. 100. 


ig. 


Fig. 100 illustrates a form of universal surface gange 
which has a V-shaped groove in one end and another in 
the base which makes it adaptable for use on clreular work, 
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‘Pig. 101. 
Fig. 101 illustrates some of the uses to whieh the surfaoe 
geege shown in Fig. 100 may be adapted, 
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The spindle passes through a rotating head, jointed to a 
rocking bracket, pivoted in base. This bracket is adjusted 
by a knurled serew in one end against a stiff spring in the 
other, the spindle may be set upright or at any angle, or 
turned so as to work under the base and be adjusted to 
any position. The snug and head earrying the seriber are 
so made that when the clamp nut is loosened, all may be 
freely moved to any position and by friction springs re 
tained in place until a slight turn of the clamp nut holds 
them firm, 

In the rear end of the base are two gauge pins frictional- 
ly held which may be pushed to bear against the edge of a 
surface plate or in the slot of a planer bed for line work. 

For small work the spindle may be removed and the 
scriber inserted in the hole provided for the purpose, where 
it may be adjusted and used to advantage on bench work. 


The Vernier Caliper and Its Use. 


On the bar of the Vernier Caliper shown in Fig. 102 is a 
line of inches numbered 0, 1, 2, ete. each inch being di 
ed into ten parts and each tenth into four parts, making 
forty divisions to the inch, On the sliding jaw is a line 
of division of twenty-five parts, numbered 0, 5, 10, 15, 20, 
25, The twenty-five parts on the Vernier correspond, in 
extreme length, with twenty-four parts or twenty-four 
fortieths of the bar, consequently each division on the Ver- 
nier is smaller than each division on the bar by one thon- 
sandth part of an inch. If the sliding jaw of the Caliper 
is pushed up to the other, so that the line marked 0 on 
the Vernier corresponds with that marked 0 on the bar, 
then the two next lines to the right will differ from each 
other by one thousandth or an inch and so the difference 
will continue to increase, one thousandth of an inch for 
each division, till they again correspond at the line marked 
25 on the Vernier. To read the distance the Caliper is 
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open, commence by noticing how many inehes, tenths and 
parts of tenths, the zero point on the Vernier has been 
moved from the zero point on the bar. Now count upon the 
Vernier the number of divisions, until one is found which 
coineides with one on the bar, whieh will be the number 
of thousandths to be added to the distance read off on the 
har, ‘Che best way of oxprossing the valuo of the divisions 
on the bar, is to eall the tenths one handred thousandths 
(.100) and the fourths of tenths, or fortiethe, twenty-tive 
thousandths (. Referring to Fig. 99, 1 it will be 














Pig. 103, 


Seon that the jaw is opened two-tenths gnd three quarters, 
which is equal to two hundred und seventy-five thousandths 
(.275). Now suppose tho Vernier ig moved te the right so 
that the tenth division wonld eoinelde with the next one 
on the seale, which will make ten thousandths (,010) more 
10 be added to two hundred and soventh-fire thousandths 
(275), making the jaws opea two hundred and eighty-five 
thousandths (.28 
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A form of Veruier Caliper is shown in Fig. 108 which ix 
graduated on the front to read te thousands of an inch 
and on the back to 64ths of an inch. 


Fig, 103. 





The Combination Bevel. 

‘The combination bevel shown in Fig. 104 hag a gtud 
ed in the straight edge stock or head, on which its split 
Dlade is hinged, s0 a8 to awing over the stock, and be 
clamped at any angle. The slotted auxiliary blade with 





Fig. 104. 
clamp bolt may be slipped on to the split blade and be 
clamped at any desired angle and used, in combination 
with the stock of the other, for laying out work, meosuring, 
or showing any angle desired, and, when so combined, will 
Hie flat upon its work. 
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Wig. 105, 


Fig. 105 shows some of the many uses to which the com- 
bination bevel shown in Fig. 104 may be put. 
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The Protractor. 


A universal bevel protractor is illustrated in Fig, 106, 
‘The dine is graduated in degrees from to 90 each way 
and rotates the entire eirele on n central stud inaide the 
case, The blade whieh is clamped by an cecentrie stud 
against the edge of the dis, may be slipped back and forth 
its full length, or turned at any angle around the eirle and 
firmly clamped nt any point, adapting it for work in posi 
tions where others cannot be used, and rendering the co 
mon universal bevel generally used for transferring an 
unnecessary. One side of the stock being flat, makes St a 
convenient tool for 1h 
double the utility of 









ving on paper in drafting, and it has 
ay other tool of the kind, 








Pog. 108 


The attachment shown in the aller view in Fig. 106 
will be found very convenient for grinding worm thread 
tools, tapers on lathe centers, and all long tapers, 








MEASURING DEVICES 187 





Fig. 107 shows some of the various sex of the Universal 
Devel protractor, A form of bevel protractor is illustrated 
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in Fig. 108, which will be found to he very useful to drafts. 
men and.others when very groat aecurney in laying out 
work is required, 
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Pig. 102. 


Mg. 110, 





‘This Protraetor ean be quickly set to any angle, Tt can 
be used cither side up and on either of the two straight 
edges and it ix of great advantage in dividing a cirele, 
transferring angles or laying off a given angle, without re. 
setting, on either side of line. 

‘The Vernier reads ts five minutes, 
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Tt ulso forms a ronvenient extension to a T square and 
freqeuntly takes the place of 45° and 60° triangles. 

‘Two other styles of bevel protractors are shown in Figs, 
109 and 110. 





‘The gauge shown in Fig. 111 is for twist drills, from 
one-quarter to one-half an inch in diameter. Eneh size of 
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drill ix designated by both vulgar or common fractions and 
also by decimal fractions. 

Fig. 112 illustrates a guage for Number Drills from No. 1 
to 60 inclusive. The size of each drill is given in decimal 











Pig. 113, 
fractions, Gongee for sheet metal and plates, wt- adard 
wire gauge and musie or piano wire gauges, are sho nm in 
Figs. 113, 114 nnd 115, respectively, 


Tost Indicators, 


The dial test indieator shown in Fig, 110 jx reliable, 
easily read and very sensitive. The slightest pressure upon 
the contact point produces a movement of the hand on the 
dis], The circumference of the dial is divided into 125 
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the amount of variation, A most valuable feature ig the 
adjustable dial. By turning the knurled rim the dial may 
de instantly moved to bring the 0 mark to any point de- 
sired in relation to the hand, Each indicator is fitted with a 
friction joint and remova' inch rod, adapting it for uso 
in sny position, nt the top, bottom or side of the work, 
also with three hardened and ground contact points adapted 
for different classes of work. The special tool post and 
sleeve as shown above are usefnl in lathe work. For gou- 
eral work the indicator is adapted for ase with a 9 inch or 
12 inch surface gauge. On lathe, planer, milling machine 
and in setting up machinery, thie tool will be found very 
useful, Applications of the dial test indicator are shown 
in Pig, 117. 

‘The test indieator shown in Fig. 118 may be used to test 
and show the imperfections or truth of inside, outside or 
surface work. It ean be instantly attached to the spindle 
‘ur to the needle of any surface gauge and nsed in counee- 
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tion with same to show 
sandths. A special holder, as shown in Fig. 118, is do- 
signed to go in the tool-port of a lathe, adapting it for use 
to show the accuracy of all kinds of lathe work, turning, 
chucking, or locating and centering work on a face plate. 
‘The head of tho needle hag three working points, equal dis- 
tnnce from its fulerum, so the telltale needle will vibrate, 
reading in thousandtha, when the work is in contact with 
either point—in front, above or below it. When in front, 
the spring operating the telltale needle needs to be re- 
versed to throw point of needle up instead of down as 
when used above or below the work. This may be instantly 
done by a slight turn of the disc to which the vibrating 
‘spring is attached. 
Speed Indicators. 

A form of speed Indicator is shown in Fig, 119, whieh Ss 
sed in connection with a watch to time the speed of shaft- 
ing or machinery. 

‘The instrument will register 5,000 revolutions. The large 
dial is graduated into one hundred lines, cach one repre- 
senting a revolution of the spindle. The small dial has 
fifty lines cut upon its face, each representing one hun- 
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dred revelations of the spindle, or one complete turn of 
the large dial. A spring finger trip attached to the ease 
engages with cee of the lines in the small dial aad bolds 
it from revolving until the large dial makes one complete 
turn, when the trip pin passing under the spring trip lifts 








Pig. 129, 
it, and the dial is frictionally earried along by the lange 
plate one line, thus showing that one hundred revolutions 
of the spindle have been made, The instrament has a 
hard rubber handle, making a safe insulator when used on 
electrical machinery. It is provided with rubber tips for 
both pointed and hollow centers, 





Fig. 190 ia an attachment 
to be used in connection with 
‘a speed indicator of the form 
shown in Fig. 119, and speed 
fs designed to show the num- 
ber of lineal feet per minute 
the periphery of a shaft or 
pulley ie running and thus 
enable a workman to know if 
tho speed is too fast, or is too 
slow to get the most work the 
tool will stand For instance, 
the speed of a cone pulley 
being turned noeds to be 
changed at every stop. Heretofore it has been all guess 
work ay to the number of fect per minute the periphery 
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ot the work ix traveling. It may be so fast ax to 
heat and spoil the tool, or it may not be nearly fast enough 
to perform what should be done, The same is true when 
shifting the tool from the hub to the rim of a pulley. 
‘The rubber-banded indicator wheel maybe instantly «lipped 
on the spindle of the speed indicator, and when held 
against the periphery of a shaft or pniley a half minute 
or a minute, by dividing the figures showing the revolu- 
tions on the dial of the indicator by 2, the number of feet 
the surface of tho thing is traveling ie obtained, as each 
revolution of the indicator wheel shows six inches. Twice 
around is therofore equal to one foot. 








Pig 121 


A tachometer or automatic speed indicator is shown in 
Pig. 121. This device indicates the speed of » shaft or 
any rotating body in revolutions per minute, without the 
wid of a wateh, Tt will also automatically indicate any 
variation or fluctuation in the speed of the machino being 
tested. 

These instruments have been designed for the purpose 
of ascertaining at a glanco the number of revolutions made 
hy rotating shafts, Their construction is based upon cen- 
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trifugal force, and they consist of a case in which are 
mounted a pendulum ring, in connection with a fixed shaft, 
a sliding rod and an indicating movement. 

The apparatus is very sensitive and will indicate the 
slightest deviation in speed. 

Tachometers have been applied, with great success, to 
electric light engines, flour and cotton mills, and can be 
used to advantage on all machinery of which it is essential 
to know at all times, the exact speed at which it is moving. 


MACHINISTS’ TOOLS 











A good workman will always have a good kit of tools, 
in which he will take pride, Az a man is known by the 
company he keeps, so will a machinist be judged by the 
number and quality of the tools in his kit, A machinist 
who has a complete kit of tools, will not only get a job 
more readily but is liable to hold it longer than a me- 
chanie whe carries his outiit of tools in his pockets. 

Ta some large shops the workinen are furnished with « 
gréat many of the tools they use, on account of the special 
character of the work in hand, but in small or jobbing 
shops the machinist who has the best and largest kit of 
tools usnally gots the best jobs. ‘The tools illustrated here 
with, are not shown as being a complete outiit, but are of 
sufficient variety to enable a mechanic to form some idea 
as lo the elass of tools necessary for general and even for 
some kinds of special work. 











Wig. 122, 


Bevel Protractor. ‘The blade of the protractor shown in 





Fig. 122, closes in the stock cither way against a stop, 
making a perfect squarc, plumb, and level. The turret is 
graduated on both sides, one in degrees, the other to show 
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piteh to the foot, so that the blade may be set by the 
graduation for laying off angles to any degree or any piteh, 
and the opposite brane of the stock will be right to lay 
out the complementary angle without mental ealeulation 
or error, for valley roofs, bridge work, stair gauges, ete, 
‘The levels are so arranged that work ean be leveled up to 
any degree or piteh underneath or on top of a roof, rafter, 
stair stringer, ote, 

As a square or protractor with the sliding blade it ean be 
used in places where a fixed blade could not and is a sub- 
stitute for a kit of squares from the shortest to the full 
length of blade, making a depth gauge for squaring in 
mortises pnd transferring measurements, It may be used 
in place of the eaxpenter's old time steel square with the 
advantage of being packed in a cheat withont taking up 
ko much room, 

Without the blade the stock may be used in contracted 
placos ag a G-inch level and plumb, while with an 18 or 
2Q4ineh blade, a level and plumb of corresponding Jength 
is obtained. 













NG rn 
NASeac hi 
Fig, 128, 


Combination Bevel Protractor. Fig, 123 represents av 
jnelinometer, try square, and bevel protractor eombined. 

It is compact, convenient, and a complete substitute for 
several tools, 
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Tt consists of a stock and dise, both slotted to reesive 
the blade, which folds in the stock. The blade attached 
to the graduated rotary dise may be secuced at any angle 
from 0 to 90 degrees, and by loosening the clamp serew 
it may be shortened or oxtended full length, or removed 
for a straight edge, 

The working face of the stock, extending both sides of 
the blade, admits of its being reversed, so that the same 
apgle may bo laid off in opposite dirve.ions without 
chanying the angle in the tool, thus requiring bat one-quar- 
ter of a graduated circle to obtain all angles both ways, 

At 90 degrees, the blade brings ap against a casehard 
ened screw, nccurntely adjusted, thus forming a try square, 
By holding the blade perpendicular, a plumb, By folding 
the tool, a level the fall Jength of the blade. 








Fig. 124 


Bevel. Tho advantages of the form of bevel, shown in 
Fig. 124, over other tools of this kind, consist in its having 
not only the blade slotted but the stock as well, thus adm 
ting adjustments that cannot be obtained with an ordinary 
bevel. The clamping serew head is let into a rabbet, flush 
with the surface of the stock, which lies flat on the work. 

Spring Calipers, The calipers shown in Fig. 125 may he 
used with either plain or spring mnt as shown, The view 
‘at the right in the cut shows a new inside transfer calipor 
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with cither a spring or solid nut. The bow is stiff, making 
the euliper reliable. After ealipering the inside of a 
chambered cavity by springing in the legs they may be 
withdrawn, and as they spring back they will show the 
exact size of of the opening calipered, 





Pig. 126, 


Screw Thread Caliperes. Figures 126 and 127 show 
views of both outside and inside thread eatipers with solid 
adjusting nots, 

Keyhole Caliper, What is known ns a keyhole caliper 
ia illustrated in Fig, 128, This caliper may be put to a 
variety of uses and is un extremely handy tool. If the 
straight leg be ground off to a point it makes an excellent 
Hormaphrodite caliper, 

Firm Joint Caliper. The improvement in the calipers 
shown in Fig. 129 consists in the construction of the joint, 
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Pig. 127. 


whieh is so made as to be drawn togethor hy means of a 
serew, The main stud is squared and fitted to one leg, thus 
preventing the stud from turning when loosening and tight- 
ening, and insuring a smooth and uniform friction, of more 
‘or Jess tension to suit the user. 

Adjustable Firm Joint Calipers. The calipers shown in 
Fig. 190 can be instantly adjusted to their full extent, 
and as quickly locked firm in the joint, and yet provided 
with a sensitive adjustment. The improvement consists, 
first, in a socket joint made tapering, and locked or yo- 
Jeased by a partial turn of the knurled dise drawing it 
together. A spring washer under the dise maintains an 
easy friction in the joint when unlocked, 

Tn the under side of the short arm ix a slot containing 
‘a stiff spring. Rivoted into the middle log and projecting 
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through an opening im the arm, is a threaded gtnd on 
whieh is a knurled nut having o beveled hab, bearing 
against 9 cone te the arm, the action of the spring helding 
them together turns the nut, 
presses them apart and ad- 
justs the leg when the point is 
locked. “As the spring takes 
up all backlash the legs are 
consequently firm, 

Caliper Rule. A caliper 
rule or scale is shown in Fig. 
131, It may be sot to any 
desired measurement and 
locked in position by the but« 
won shown in the drawing. 

Oaliper Square. The tool 
shown in Fig. 182 ha® a 
double function—being grad= 
uated to read tho cireumfer- 
ence as well as the diameter 
of the article measured, the 
relation of circumference 
to diameter being shown 
by the graduatione on upper 
coraers of the rule. The rule 
is graduated in 82ds of an inch standard and 16ths of an 
inch cireumference measure. All corners of the tool are 
rounded smooth to make it fit to carry in the pocket and 
agreeable to handle. The cireumferenco measure will ns- 
sist in calculating how many feet a minute the cutting 
tool in o lathe ie doing on any diameter within the scope 
of the rule and so help to determine whether the tools 
should have n faster or slower speed, 





Pig. 193, 


Rule, Multiply the clreumference shown by the gauge 
by the speed the lathe runs per minute and the result will 


207 


MACHINISTS’ ‘TOOLS: 





Pig. 129, 
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show the number of inches per minute the cireumforenee 
is running and the tool consequently eatting. 
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Fig. 192. 


Center Punch. ‘The center punch shown in Fig. 133 ix 
entirely new in design and combines features that make it 
much more convenient for laying out work to be machined 
or drilled than the ordinary center punch and hammer. 

The tool is of steel and is entirely self-contained, the 
striking meehaniem being enclosed in the knurled handle, 
which is of xuch n size and form os to be held conven- 
jently in the hand, 

A downward pressure releases the striking block and 
makes the impression. The puneh marks are of uniform 
depth and, therefore, enaily and aconrately followed. 
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Fig. 133. 


‘The points can be taken ont for grinding and are easily 
replaced if broken, 

Combination Square. With the adjustable veale the 
square shown in Fig. 134 forms one of the most ean- 








Pig. 134. 
venient and useful tools for mechanics’ uso. It is also a 
substitute for a set of common try squares, and is one of 
the best gauges made for transferring exact measurements 
or laying out work, It is convenient for a depth gauge, 
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or to square in a mortise, while with an auxiliary center 
head it forms a centering square, both inside and outside, 

Depth Gauge. The wire in the gange illustrated in Fig. 
135 is held in w groove by a friction spring inside the nut 
while adjusting, and may bo used close to the end, as well 
as in the middle of the straight edge. 
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Pig. 13 
By loosening the nut, the gauge nay be neatly folded. 
Drill and Wire Gauges, A standard drill gauge is shown 
in Fig. 136 which will mensure drills from one-sixteenth 
to three-cighths of an inch diameter, A standard wire 
gauge is illustrated in Fig. 187 which has a range from 
No. to No. 36 wire, 





MACHINISTS’ TOOLS 





212 MACHINE SHOP PRACTICE 


Dividers, Two forms of spring dividers are shown in 
Fig. 138, with solid adjusting nots, A spring nut as 
shown in the drawing may be used instead of the solid 
nuts, One of tho spring dividers is fitted with « swall 
handle or twirler, 





Hammers. A machinists hammer with 
straight and ball-pens is illustrated in Fig. 
189, ‘This is the form of hammer most 
generaly used by machinists for all round 
work, 
Key Seat Rule, The device shown in 
Fig. 140 ig dosigned to transform any 
common steel scale Into a key set rule. 
‘They can bo put on or off almost in- 
stantly, and are a complete substitute for 
Pig, 139. a more costly tool. 
They may be used with a eombination square blade, or 
with any straight rule, with accurate results, 


Pig 140, 


Hand Vises. Two forms of hand vises are shown in 
Fig, 141. These are yery useful tools for holding small 
work. ‘Ihe vise shown in the upper view is fitted with a 
handle, while the one in the lower view is intended to be 
held in a bench vise. 

Levels, The level shown in Fig, 142 Is 0 constructed 











MACHINISTS’ TOOLS 213 
that it cau be accurately adjusted, and when so adjusted 
is not liable to get out of truth, the vial being sct in tubes 
having solid ends which 
are firmly clamped to 
the base, Tho outer 
tube may be turned so 
as to protect the glass 
when not in use. 
In lining up shafting 
or erecting machinery a 
level is absolutely 
dispensible, 
Micrometers, A small 
micrometer reading to 
thousandths of an inch, 
as shown in Fig. 143, 
should bea part of every 
machiniet’s kit as its 
uses are many and Pig. 141 
yuried, more especially on small work. 
Pliers. In the cutting-plier illustrated in Fig. 144, the 
jaws are detachable, so that they can be removed, ground, 
and adjusted when they have become worn, Each jaw ean 














Fig. 142 


be ground away to the extent of one-quarter of an ineb, 
remaining as good ax new for practical use, and when used 
up new jaws can be procured, 

A serew throngh the jaw engages with a spline * 
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Pig, 143, 


frame and draws the jaw firmly down to the toothed sent, 
holding it securely, 

Another feature in this eutting-plier is @ flat spring be- 
low the cutting edges and over the joint, forming a yield- 
ing seat for the end of the wire to press against while 
being eut. ‘This obvintes the danger of breaking the jaws, 
as often happeus with other styles of pliers which allow 
the wire to be inserted against a solid surface. 








Tig. 144, 

A pair of flat pliers or nippere are shown in Fig. 145, 
which may be put to a great many mses, especially when 
assembling small work. 

Plumb-bob, A plumb-bob such as shown in Fig. 146 will 
be found to be an invaluable adjunet to a kit of tools, In 
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Fig, 145. 
lining up shafting 
from. one floor to an- 
other and sometimes 
in erecting machin- 
finery ite use will be 
found to be almost 
indispensable. 
Surface Gauge. 
The gauge illus 
trated in Fig. 147 has 
in addition to the V- 
shaped groove in the 
end, a corresponding 
groove in the bottom 
adapting the gauge 
for use in cylinder. 
Teal work. It is also 
provided with two 
yauge pins In the 
rear end of the base 
that can be pushed 
down and used 
against the edge of 
the plate or the side 
tho 'T alot. 
‘The post swivel cun be set and 














in any position from the vertical to th 





zontal, and the scriber used below the basg 
asa depth gauge, 
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The seriber has a fine adjustment that can be used after 
tho sliding bloek is set at the approximate height. ‘This 
device is simple and eannot get out of order. The ad- 
justment is made by means of the lange knurled nut, shown 
in the drawing, which, when turned, revolves the seriber 
clasp slowly and continuously, and allows the seriber to be 
set ut any position within its range. 





Fig. 148 

Screw Drivers, Figure 148 shows a pocket serew driver 
and brad awl made in one piece, this being teleseoped 
within the handle when not in use. ‘The shape of the han- 
dle enables it to be used as an emergency wrench, which 
is often of the greatest convenience. 

It takes the place of a number of tools usually carried 
in a kit, : 













Pig 149. 
The serow driver shown in Fig. 149 has a knurled hard- 


wood handle, large enough to fll the hand and give le 
erage, Its steel shank has a socketed oud to which is 
fitted a set of three serew driver tips of different sixes, 
adapted for screw heads from very small up to throe- 
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eighths of an inch. Either size may be instantly with- 
drawn and another inserted, thus supplying a full set of 
serew drivers at a fraction of the cost of others requiring 
as many handles as drivers The tips are shaped and tem- 
pered 6 az to give the greatest strength. 


S——_—_ 


Fig. 150. 


A plain wood handle serew driver is shown in Fig. 150. 
This is a very useful bench tool. 

Screw-Pitch Ganges. The gauge shown in Fig, 151 has 
the following pitehes: 4, 444, 5, 5%, 6, 7, 8, 9, 10, 1, 
11%, 12, 13, 14, 15, 16, 18, 20, 22, 24, 26,27, 28, 30. The 








Pig. 151. 
teeth are sharp and clean cut, and it can be used inside 
of a nut as well as on the outside of a serew or bolt. It 
is also a convenient and reliable tool to use ax a 60-de- 
gree conter gauge and gauge to teat the grinding of either 
an inside or outside threading tool. 

Steel Seales or Rules. Figure 152 illustrates a machin- 
ist’s pocket scale or rule. These aro cnade in different 
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lengths and thickness, and may be had Enis in inches 
or in millimeters. 






Fig. 158. 

Standard Square. In the square 
shown in Fig. 153 the blade is not 
rivited or soldered to the stock, but 
is firmly held by a bolt and nut, 
by means of which the tool ean be 
readily taken apart, and when worn 
the blade and stock can be reground 
or lapped, and put together again as good 
as new. 

Thread-Gange. ‘Tho gauge illustrated in Fig, 
164 is used for setting serew-cutling tools and 
testing lathe-conters. 





Tram-points. ‘Tho tram-points shown in Fig. 
156 are made of bronze metal, with forged and 
hardened steel pointe. 

Either point can be removed, and the pencil 

Tin isE socket accompanying each pair put in its places 

‘The tram-points are adjustable like spring dividers. 

Try Square, The square shown in Fig. 156 has concave 
dopressions in each side of the stock, which not only re- 
duce its weight bat make it more convenient to hold be- 
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Fig. 155. 
tween the thumb and finger 
while being used, The stock 
in caschardened and the 
blade hardened to a spring 
temper. 

Wrenches. In jobbing shops and on repair work a mon- 
key-wreneh is a very necessary tool, but in large factories 


Fig, 15d, 





Vig. 157, 


who mannfacture specialties sets of standard spanner 
wrenehes ure provided for exch workman, A standard 
type of monkey-wrench is illustrated in Fig, 157. 
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Angular Bit-Stock. The universal angalar bit-stock 
shown in Pig, 158 is to be used in eonnoetion with a brace 
and bit for boring holes in places where the bt and bit 
alone conld not be used. It ean be varied in any position 





Fis. 158. 
from a straight line parallel with the brace chuck to the 
angle shown in the eat. The ability to vary the angles, 
either at the commencement or during the operation of 
boring a hole, is an important fenture of this tool. 
Arbors, Mandrils or arbors should have their contora 
so formed as to Jeave a recess or eounterbore about the 





countersink in their ends, the object being to prevent the 
blows givon to drive tho mandril into the work from in 
223 
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joring the centers and thereby causing the work to run 
out of true. 

Belt Clamp. The belt clamp shown in Fig. 150 has 
corrugated and beveled jaws which insures a strong grip 
to belting, 

‘The frame is made of Rock Maple, and the serews of 
the best wrought iron with square head and quick piteh. 

‘These clamps are nosed for tightening und putting to- 
gether large belts, and ix one of the best clamps made, 
combining strength, simplicity and convenience. No shop 
should be without them, as once taking np a belt will fre- 
quently save its cost, 


Fig. 159, 





All the clamps are made with iren screws, They are 
rapid working and durable. 

Belt and Lace Cutters, These are an indispensable aetl- 
de in the shop, Fig. 160 shows two forms of such tools, 

Bench Shoars, The shoar illustrated in Fig. 162 has the 
capacity of entting any length or width, and 3-16 inch in 
thickness. A prominent feature ix in tho adjustment of 
the shear arm by means of an eccentric at the back. With 
this arrangement greater or less degree of angle can be 
quickly given to the blades, ao that in entting thin stock 
it will not curl the metal. The length of the blades used 
are three inches. It has n gauge on the table for eutting 
angles, and ane on tho arm for gauging the width to be 
cut, with the standard divisions marked on the bar. Also 
a clamp for holding down the metal. 
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Blacksmith's Drill. This machine, shown in Fig. 162, 
ja designed for carringe makers and heavier blacksmith 
work. It is built heavy and has a large eapacity. 


Fig 102 


with great ense, 





Tt will drill a 14-inch hole to 
the center of a 16-inch circle, 
4}¢ inches deep. 

The greatest distance from the 
epindle to the table is 22 inches, 

The drill-socket screws on to 
the spindle, and takes a drill 
with 41-64 inch round shank. 
It ean be removed and a Uni- 
yersal Chuck put on in its place, 

The drill has an automatie 
feed, a swing-table 11 inches in 
diameter, and grinding attach- 
ment. 

‘The drill has two speeds which 
are obtained without changing 
the crank. ‘This gives high 
apeed on the balance wheel all 
the time, ‘The change is made 
in an nt by turning the 
small lever to the right or left. 

Blacksmith’s Porgo. The 
forge illustrated fn Fig. 163 is 
an ingenious invention as re- 
gards the “three-piece construc 
tion for producing a regular 
and continuous positive blast 








The forge ig constructed from  struc« 


tural steel, making it strong, stiff dnd light, The ma- 
ehinory is all inclosed in an oil-tight ensing, and entirely 
noiseless, It has no belts or frietion, Tt is fitted through- 


out with ball bearings, 


Tt can be taken apart for trans- 


a! 


SHOP TOOLS 


Fig. 163. 





portation and again set up for use 
The forge is adapted for 
steam railroads, bridge and 








ank builders, miners 





in several moments. 
ernment use, elevated and 
nd pros- 


pectors, boiler repairers, or any portable work requiring 


Fig. 168. 
tension is not cqually distributed over the 
of the forging, and henea ifs removal, by 


tion of that part, alters the form of the whole 

does not, therefore, assume its normal shape until 

skin of its whole surfaco has been removed, 
Breast Drills. The drill chown in Wig. 164 hag 
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ings, nickel plated stock and ehuck, cocobola handles, ex~ 
tension ernk, alligator jaws, which hold both round and 
square shanks, and a level attachment to enable the op- 





“ Fig. 108, 


ig 13, 
erator to eee when the tool is held true. The gears are 
ent and are changeable from 1 to 1 to 3 to 1. 

The breast drill illustrated in Fig. 165 bas all the ad- 
vantages of the one shown in Fig, 166, and in addition 
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hus a wide rimmed gear to be grasped between the thumb 
and fingers when the drill is used for delicate work. In 
this manner it can be rm without Nability o? breaking 
the drill points. It is double-zeared and 11% inches in 
longth. 

Breast Drill Attachment, The drill shown i Fig. 166 
is designed to’ apply to a breast drill, so as to convert it 
into a dril) press or bench drill. The illustration shows 
a breast drill thus converted. 

‘The bench elump, vise rest and frame are all elamped 
to the main standard, and ean be moved up and down, or 
swung to the right or left, and by means of the thumb 
screws provided, clamped or secured at any desired point, 

The vise is hung on a pin whieh is off the center, so as 
to give the operator the ndyantage of « yuriely of posi 
tions. 





‘The operator may, if desirable, work below the beneh by 
Aropping the frame and fixtures down on the standard, 
and securing the upper end of the same in the bouch 
Jamp. This is very convenient in bleyele repatving, The 


SHOP TOOLS 231 


number of positions, heights and adjustments that will 
suggest themselves as necessity demands, with this tool, is 
numberless. 

Fig. 167 shows the breast drill designed for use with this 
attachment, 

Conter Drill and Countersink, Fig. 165 represents » 
combined dril} and countersink for center drilling, the drill 
end countersink being in one piece. When very trua work 
is required it is preferable to so shape the countersink 
that the lathe center will Hirst bear at the smallest part 
of the cone. Thix will cause the countersink to wear and 
keep true with the hole. 


Ss 


Pig. 168, 





Tf the center drilling is to be dove by hand it is ver 
important to relax every few seconds the hold upon the 
Work sufficiently to permit it to make about a third of a 
rwvolution, which may be done while the other hand is 
supplying cil to the drill. The object and effect of this is 
to cause the center drilling to be true, which otherwise it 
would not be, especially if the work is comparatively 
heavy, or heavier on one side than on another. 

Chucks, Fig. 169 shows a new form ef lathe chuck, in 
which the jaws are operated by a rack and a key pinion. 

This construction has many advantages over the old 
style, in that the jaws are stronger wand move in that part 
of the chuck which is attached to the driving spindle, 
Great firmness is gained to the chuck by this arrangement, 
The threaded and working parts are covered and thereby 
secured from injury or dirt. 

The chuck shown in Fig. 170 has projecting jaws and 
the combination prevents lerger work than the chuck is 
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Pig. 172. 


designed for being used. It is very powerful and guaran- 
teed to hold true and not injure the shank of the drills. 
It holds round and square work. The jaws are guided by 
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three strong gibs, and the serews are larger than in any 
chnek of this deseription, The jaws and serews are mado 
from east steel. 7 

Vig. 171 represents a form of ebuck, which may be used 
as an independent or as a universal ehuek. Kach of the 
screws for operating the jaws is provided with a bevel 
pinion, and behind these piniona is a ring provided with 
teeth, and which may be cansed to engage with or disen- 
gaze from the pinions as follows: The width of the rack 
has n beveled stop, the onter boing thieker than the inner 
diameter, Between this ring or rack and the face of the 
chuck is placed, beneath ench jaw, a eam block beveled 
to correspond with the beveled edge of the eireular xtep. 

Hach eam block stem passes through radial slots in the 
fuee of the chuck, so that it may be moved towards or 
away from the center of the chuck, When it is moved in, 
ite cam-head passes into the yeeese or thin part of the eir- 
cular rack whieh then falls back out of gear with the jaw- 
screw pinion, But when it is moved outward the cam- 
head slides under the circular rack and places it in gear 
with the jaw-serew pinion, To change the chuck from an 
independent one to a universal one, all that is necessary 
to do is to push the heads of the cam-blocks ontwards, 

Clamps. Steel clamps for holding work on drill-press 
tables or surface plates are a very handy tool in a shop. 
Fig, 172 illustrates a form of clamp much used for this 
purpose, 

Cold Chisels. Chisels are made from two shapes of bar 
steel, one of which is octagonal, and the other of flat- 
oval section. With the latter shape the eutting edge and 
the flat are parallel, and the brond flat is the best guide 
in holding the chisel level with tho surface to be chipped. 
Hither of these chisels is of a proper width for wrought- 
fron or steel, becnuse chisels used on these metals take all 
the power to drive that can be given with a hammer of 
the usual proportions for heavy chipping, which is: Weight 
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Pilg, 172. 


‘of kommer 1% pounds, length of hammer handle 15 inches, 
the handle to be held at its end and swung back about 
vertically over the shoulder, If so narrow a ebisel be used 
on cast-iron or brass and given fall-foree hammer-blows, 
it will break out the metal instend of cutting it and the 
break may come below the proper depth and Jeave ugly 
cavities, For these motals the chisel should be made 
wider so that the force of the blow will be spread over a 
greater Iongth of chisel edge and will not move forward 
so much at each blow, and therefore it will not break the 
metal ont. Anothe that the broader the 
chisel the easier it ix to hold its edge fair with the work 
surface, and make smooth chipping. 


1 


Pig. 173. 


Counterbores, Pin drills or counterbores aro used to 
rill the reess for the heads of machine serews, An illuo- 
{ration of # counterbore ie shown in Fig. 173, 
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Depth Gauge. Fig. 
174 shows the head 
of the depth gauge 
together with a por- 
tion of the barrel and 
rod. [twill measure 
to 3 inches in depth. 

‘The base is about 
7-16 inch wide and 
the rod about 1-8 
inch in diameter, 

A spiral spring in 
the barrol forces the 
rod against the bot- 
tom of the hole or 
recess to be measured 
and by use of the 
clamp screw the rod 
is securely locked in 
position. 

Dies, Dies are 
usually cut of a 
larger diameter than 
the size of the bolt 
the dies are intended 
to cut. This being 
done to, cause the 
dies to cut at the cut- 
ting edges of the 
teeth which are at or 
near the center of 
each die, 80 that the 
threads on each side 

Fig, 174. of each die may act 
as guides to steady the dies, and prevent them from wabbling 
as they otherwise would do, The result of this is, that the 













- 
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angle in the thread in the dies is not the correct anglo for 
ihe thread of the bolt, even when the dies are the closest 
together, although the dies are nearer the correct angle 
when in that position than in any other. A very little prac- 
tice at cutting threads with stocks and dies will demon- 
strate that the tops of the threads eut on a bolt are larger 
than the diameter of the bolt, before the thread was com- 
menced to be cut, which arises from the pressure, placed 
on the sides of the thrend of the bolt, by the sides of the 
thread on the dies, in consequence of the differeneo in 
their angles, Whieh pressure compresses the sides of the 
bolt thread and causes a corresponding increase in its 
diameter. It is in eonsequonce of the variation of angle 
in adjustable dies that a square thread cannot be eut by 
them, and that they will not ent a good V thread. 


Pig. 176. 


Drills and Drill-holders. Twist drills, as shown in Fig. 
175, ure generally used in machine shops, and vary in size 
necording to the nature of the work. In ordinary shop 
pmetice from three-cighths of an inch to 1% inches in 
diameter is the range of holes drilled. Therefore, the drills 
are made in sets, and with each set is a steel socket which 
fits the drill-pross spindle at one end, and at the other end 
the recess fits all the drills in the set. They are, there- 
fore, interchangeable. 
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Drill sockets are shown in the illustration in Fig, 176, 

To enable the drill to be easily extracted from the 
socket, the latter is provided with a slot, as shown in the 
figure; this slot passos entirely through it. Tho drill end 
protrudes into the slot, so that if a key or wedge be driven 
into the opening the drill will be forced ont. 


Fig. 170. 


Drill Grinders, For the aceurate grinding of twist drills, 
the grinders shown in Fig. 177 will be found to be very 
snilable for the average machine shop. 

Emery-wheel Dressing Tools, For the purpose of re- 
moving the glazed surface from emery-whoels, dressing 
tools aro used as shown in Fig, 178, These consist of ser- 
rated or grooved disks, which are pressed sgninst the face 
of the emery-wheel, and moved back and forth across it, 

Ganges. The gauge shown in Fig. 179 furnishes the cor 
rect form for tools used in turning the threads of worms, 
when the worm wheels are cat with involute cutters, The 
figures on the gauge correspond to the numbor of thronds 
per inch of the worm. 

The screw pitch gauge shown in Fig, 180 will measure 
the throads of nuts as well as of screws and contains the 
pitehes 9, 10, 11, 114%, 12, 1%, 14, 15, 16, 18, 20 on one 
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Pig. 179, 





Pig. 180. 
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end and 22, 24, 26, 
other end. 

The arrangement of blades hinged on each end of the 
ease enables any desired umber to be quickly placed in 
position for use. 

There arc 22 pitches, ineluding pipe thread pitehes, 1144 
and 27. The 8 pitch may be determined by using the 16 
piteh blade, 

The 11 smaller pitehes are on blades made narrower than 
the 11 larger ones, so that they have a wider range of use 
in measuring the threads of nuts than would be the ease 
were they all of one size. 

‘The gauge numbers are stamped on the outside of the 
frame, as well as on.both sides of each blade, allowing the 
user to determine the position of a desired number at a 
glanee. 





28, 30, 32, 34, 36, 38 and 40 on the 


Pig. 181 

Hack Saws. These frames, the frames of the saws shown 
in Fig. 181, are all made of stecl, and as seen in the cut 
are adjustable so as to face the blade in four different di- 
Tections. The extension frames will hold different lengths 
of blades, The solid frames only hold the 8 inch blades, 
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this being the length most in use. They all have staple 
shaped pins to hold the bindes in the frame whieh are so 
arranged that they cannot fall out. 

Lathe Dogs, Figures 182 and 183 show the ordinary 
form of tathe-dog or driver, with set-serews to seeure thom 
to the work. A screw-elamp lathe dog is illastrated in ¥i 
184 which has balf-round grooves in the upper and lower 
clamping pieces so as to hold the work withont mar 
the surface or injuring H in any manner. 





















Big. 152. Pig 18% 


Lathe Threading Tool A new form of Jatho threading tool 
is shown in Fig. 185. 
Levels, Tho level shown in Fig. 186 has, in addition to 





lar parallel vial, o cross level which enables one to 
hold the base on a shaft level in i 
pe of al 


the xe 





place eross section, 






ginss Ss such 





not canted sidewise, for the 





that, thongh trac as adjusted on a flat surface, it will’ not 
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Fig. 154. 


be reliable whon eanted sidewise. Hence the value of the 
eross level, not only to test the truth of shafting, but other 
serfaces which tend to throw the level into a slanting posi- 
tion, 


all 


4 MACHINE SHOP PRACTICE 


The base of this level has an improved concaved groove 
running through the length of its base, leaving a flat mar- 
gin cach side, which also improves its seat for flat work, 
while forming an absolntely true and reliable seat for 
shafting, and ix better than a V groove. 

Micrometer. The micrometer shown in Fig. 187 meas- 
ures all sizes Jess than one ineh by thousandths of an inch. 
‘The outer end of the frame is the same size as the meas- 
uring spindle, and, as the edges of the measnring gurfaces 
are not beveled, but left square, it is conrenient for gaug- 
ing under a shoulder, or measuring a small projection on a 
plane surface, 





Pig, 187, 


‘The adjustment of the measuring screw is made by an 
ndjustable threaded nut whieh produces the necessary frie- 
tion by binding the thread evenly on the angle, thus ob- 
vinting the use of slots, the points of which are apt to 
rough the thread if improperly clamped. 

Every micrometer is provided with a clamp nut, which 
clamps the spindle and preserves the setting, 


VE 
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A micrometer sheet metal gauge is shown in Fig. 188, 

This yauge has a 2 inch dopth ef throat to reach over 
the edge of the sheet metal to gauge its thickness nearer 
the center. It has one-half an inch movement of the 
serew. The screw is covered by a shell with its indicator 
mark, which enables one to take up wear to a nicety and 
ingures a correct reading, the anvil remaining solid. It 
also has a ratehet friction feed, which insures uniform 
pressure against the work without springing the frame, as 
woll as a lock nut to lock the spindle firm when desired to 
make « solid gange. 





Pig. 159, 
Planer Jacks, ‘This jack ia very useful article for rals- 
ing and levelling heavy castings on a planer. An illustra- 
fion of the jack is shown in Fig. 189, 


— es 
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Fig 190, 
Power Hack Saw. The machine illustrated in Fig. 190 
is designed for cutting brass, iron and steel. It will ent 
any size up to 41% inches in diameter, and any shape that 
ean be held in the vise. Groat spoed is not claimed in eut- 
ting, but metal can be ent more rapidly in this machine 
than in a lathe or planer, or heating and entting by a 
blacksmith. By its use a good percenfage of metal is saved, 
as the pieces cut arc Ieft smooth, and no labor or metal 
is lost in squaring up. This saving in high-priced steel) is 
quite an item in stock to say nothing of the labor. The 
blades used are Star hack saws, 10, 11 or 12 inches in 
Tength, The machine should run from 40 to 45 revolutions 
per minute, 
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Taps. Machinists’ hand taps arc made in three styles: 
Taper, Plag and Bottoming Taps, as shown in Fig. 191. 





Pilg 191 


Taps for use in holes to be tapped deeply should be af 
slightly larger diameter than those used to tap ehallow 
‘anes, beeanse in deep holes the tap is held steady by its 
depth in the hole, and whatever variation there may be 
in the pitch of the threads in the hole and those on the 
bolt, is experienced to an extent as mach greater as the 
length of the thread increases. 





Pig 193. 


A short Hob or master tap is illustrated in Fig. 192 and 
Machine or Nut Tap in Fig. 193. 

Vises. The vise shown in Fig, 194 is designed for jowel- 
rs, tool makers, and machinists’ use, All parts are drop- 


= 


248, MACHINE SHOP PRACTICE 





Pig. 194. 


forged of best steel for the purpose, The jaws have o 
positive opening and closing movement in parallel lines, 
netoated by a right and left hand serew, moving the jaws 
simultancously towards or from each other, .A hole is en- 
tirely throngh the handle and the jaws will grasp and hold 
central, round wire from one-sixteenth of an inch up to 
and including one-quarter of an inch in diameter, ‘The 
jaws open three-quarters of an inch. 
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Tig. 195, 





Pig. 106, 


Several forms of standard plain and swivel vises are 
shown in Figs. 195 to 199, 
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Pig. 197, 





Pig. 108, 


A drilling attachment whieh may be adapted to use with 
almost any ordinary vise is shown in Fig. 200. 

A quick opening form of pawl and ratehot viso is shown 
in Fig. 201. It also has a swivel base, 
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Pig. 100. 
Wrenches. For shops engaged in the manufacture of 
standard or duplicate work, a set of wroachea as ehown 
in Fig. 202 is an almost indispensable necessity. ‘These are 








Pig. 200, fb 
maile in all sizes from 44 of an inch to 144 inches, and in 
the styles shown in the drawing. 


a 
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Erecting Machine Tools. When machine tools are first 
received, if they have been shipped any distance in an open 
or box car, a large amount of dirt and grit will have ac- 
cumulated in transit, In order to thoroughly remove these, 
the tools shonld be taken carefully apart and thoroughly 
cleaned. 

The next thing to be considered is the foundation, and 
if on the ground floor, when possible, so that the tools be 
placed on a stone foundation. The advantages obtained 
by so doing will well repay the extra cost, Careful level- 
ing of the machine after it has been placed in position is 
imperative, Be sure the level is aecurate and sensitive, 
aud in addition to this always use a true straight edge. 
With these the machine can be tested until known to be 
correct. 

The countershaft should also be level, and in striet align- 
ment with the main line. 

One of the most important things in starting a new ma- 
chine, and the one which is most often negleeted, is to see 
that the machine is well lubricated, and with a good qual- 
ity of oil, ‘The very best oil is tie cheapest, and should be 
quantities, particularly for the first few 
ine is running. Convenient plaees are pro- 
all bearings, and eareful attention should 
be given to sce that all bearings and sliding surfaces are 
well lubii 

If thes directions are carefully followed there will be 
little trouble about the machine running properly. 


Bolt Cutters. 


Bolt-Cutting Machines or Bolt Cutters are employed to 
cut the threads upon bolts, These machines are 
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used in 
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both singie and double, that is, with » single or a double 
head, Each head contains dies, which ary provided with 
means to close them te eat the thread fo the required 
diameter, and In the eases of simple machines to ran 
backward to withdraw the dies from the belt, while in 
the more improved machines the dies are pened auto- 
matically so that the bolt cao be withdrawn as s00g as the 
thread is ent apon it, The bolts are beld in jaws or elucks 
that are moved by band-wheels operating right- and Ieft- 
hand serews so that the jaws open and close equally, and 
the bolts will be beld in line with the thread-cutting diez, 
The bolts are usually moved up to the dies by levers and 
sometimes by a rack und pinion motion, 








Bolt-Cutter Head. The head shown In Fig. 203 is spe- 
cially designed to receive detachable ilies, te hold them 
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idly wt any desired diameter, and to open or draw dies 
away from the thread when the entting is completed, In 
addition to the time saved, which is practically equal to 
the time of cutting, the quality of the work performed is 
fully equal to that cut in the Iathe. The barrel or die 
holder is coupled to the main spindle of the machine, at its 
outer end are four slot= through which the dies are moved 
to and from its axis, These dies are plain flat pieces of 
steel, held in a die case, at the upper end of the ease ia” 
a large cylindrical head, which receives all the outward 
thrusts of the dies. Special attention is drawn to this con- 
struction, which is far superior to any tongue or groove 
form. The adjustment of the dies is seoured by stopping 
the travel of die ring at different points on the inclined 
head of the die cases. 


Bolt-Cntter. The lead screw in the machine illustrated 
in Fig. 204 is located directly beneath the head stock and 
carriage, and is driven by direct gearing from the main 
spindle, Tt is of ample size and with a guffeiently coarse 
thread to insure long life, and need never be removed from 
the machine in order to change for the piteh of thread to 
be cut, Change gears to cut the standard pitehes within 
the capacity of tho machino are provided. The Jead serew 
fx engaged by a split aut, contained within the carriage. 
This nut is operated by a hand lever coureniently placed. 
An automatic safety deviec, which should be used as such 
only, disengages the nut from the lead serew at the end 
of the forward travel of the carriage and prevents any 
injury to the machine whieh would result if, through care- 
lessnots of the operator, the lead serew were allowed to 
foree the carriage against the die head, This attachment 
automatically opens and closes the die head by the forward 
and backward travel of the carriage, and can be adjusted 
wo as to operate for any length of thread to be cut on 
polts of any length within the capacity of the machine, 


ar 
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The vise jaws are opened and closed by means of @ right 
and left band screw, whieh on the smaller sizes of the 
single and donblo head ruachines is operated by a hand 
wheel directly. On the larger sizes the serew is operated 
by the hand wheel through reduction gears, The vise 
screws of triple and quadruple machines are operated by 
adjustable levers. ‘The carriages of the single and double 
head bolt eutters are operated by a pilot wheel and rack 
and pinion, The rack pinion of the larger machines is 
operated through reduc All gears are cut from 
the solid metal and provide 
to them und to the operator, 

















Wie, 205, 

One and One-half Inch Motor-Driven Bolt Cutter. The 
illustration in F neh 
gear connected single motor-driven bolt cutter. The motor 
is of the direct eurront, variable speed, reversible type, 





ig. 206 shows the rear view of a 1 
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bolted vertically to the rear side of the machine column, 
where it is free from oil and ehips. A train of gears trans- 
mits the power from the motor to the main spindle of the 
machine, 

This arrangement gives, with the field control only, nine 
‘spindle speeds, for cutting either right ar left hand, vary- 
ing from 33 to 66 revolutions per minute. 

‘Three-inch Motor-Driven Bolt Cutter. ‘The design of the 
machine shown in Vig. 206 embodies several new and im- 
proved features, The main spindle is driven by # gear 
midway betwoon the bearings, and all gearing is placed on 
the back side of the machine, instead of projecting from 
the end. The locking belt and hand lever of the back gears 
are rendered moro nccessible. All tho goars are covered, 

A direct. current, variable speed, reversible motor gives, 
with field control only, in eonneotion with the back gearing, 
18 separate spindle speeds, varying from 6 to 76 r. p.m. 


Boring Machines, 


Figure 207 ilostrates a vertical boring-mill in which 
the horizontal table A is driven by means of bevel-gears. 
The bed is cast in one piece and well ribbed and braced. 
The housings B are of hollow section and have wide flanges 
where they are conneeted with the bed, to which they are 
attached by means of bolts passing through seamed holes. 
The cross-rail C is of box-girder form and has a wide slide 
surface for the saddles D, The saddles ave made right 
and left so as to allow the tool-bars E to come close to- 
gether. The tool-holders F arc made from solid steel 
forgings and are held in the tool-bars by steel keys. The 
tool-bars are held in adjustable capped bearings and may 
‘be swung to angle, being counter weighted by weights at- 
tached to the chain shown at G. Power-feed screws H are 
used for elevating the eros» rail, The tool-bara E aro 
adjusted vertically by meaus of the hand-wheels K and 
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ig. 207. 


have a trangyerse or cross movement throngh the shaft L, 
‘The tool-holders F will grip the tools in any position, and 
are easily removable for the insertion of cutter-bars or 
special tools, The counterweight acts at all angles through 
the wide bearing surface and in addition, the table has an 
annular, angular bearing which inereases the bearing sur- 
face and gives steadiness of motion, It has also a self- 
centoring tendency, so that the combinod weight of the 
table and spindle, as well as that of the work upon the 
table, tends to preserve and not destroy the alignment. 
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The advantages in the boring mill are that the work lies 
upon a horizontal table, and the weight of the table and 
the work is distributed on a large bearing provided for that 
parpose, which gives rigidity and smooth-eutting qualities, 
thereby avoiding all jar or trembling, which usually occur 
in overhung lathes, 

Cylinder Boring Machine, A eslinderboring machine 1s 
shown in Fig. 208, which is suitable for boring small pump, 
steam and gas engine cylinders, 

‘The boring bar is provided with four power feeds, which 
are changed from one to another by means of a sliding 
key. It also has a quick and a slow hand motion, and ix 
fitted with ball thrust-bonrings. 

A long bar running clear throngh the tall bearing can be 
furnished, or a short one with a taper hole in the end 
for the use of smaller bars. A simple form of facing head 
is readily attached to the boring bar. 

The drive is aceompliahed from a single pulley by means 
of a varinble speed transmission, whieh gives any speed 
from 10 to 50 revolutions per minute. 

Thie machine was designed to do a large variety of aceu- 
rate boring and drilling, such as is done in machine tool 
shops or in the tool rooms of manufacturing establish 
ments. 

Tt has been built with special view to accuracy and pers 
manence of alignment, and {2 accurately fitted to surface 
plates and straight-edyes und carefully Lined up, to be Lene 
throughout the range of ite various adjustments, 

Automobile manufacturers will find them expecially ap- 
plicable to their work in boring cylinders, milling faects, 
drilling frames, ote. 

Horizontal Boring Machine. Thix machine shown in Fig. 
209 is designed for all kinds of boring, drilling and milling, 
for the latter it ix particularly valuable, doing work that 
ordinarily would require a large planer. 
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Fig 208. 
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Pig. 200. 
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‘The spindle ix steel, 5 inches in diameter and powerfully 
geared, giving 10 changes of speed and ean be driven in 
wither direetion, it has 31 inches of movement by hand or 
power food, with a full bearing at afl times in the cast 
iron sleeve, 

‘The feeds are positive, und six in number, thus permit- 
tiug the spindle ty be moved in either direetion without re- 
versing ils motion, 

The maximum distance from the top of the tble to the 
centre of the spindle ix 74 inches, the minimum distance ix 
25 inches. 

The colime has a horizontal movement on the bed of 73 
inches, the spindle carriage has « vertical movement on 
the column of 49 inches, 

The milling feeds are five in number, horizontal, vortical 
and in either direetion, 

Quick traverse, by power, is provided to the column and 
spindle carriage, whieh are also yriduated with steel miles 
for aceurale adjustment, The table, upon which ty place 
the work, is heavy and well ribbed and arranged with 
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of automatic feed, three suitable for drilling and three for 
boring, by cut cone gearing, and the spindle can be fed 
in either direction without reversing its motion. 

‘The table is 8 feet tong, elevated by screws, worm wheels 
and worms which are driven by power. The table earries a 
saddle which has a movement parallel with the main spin- 
die. On this saddle is a eros table 36 inches by 48 inches, 
which can be Towered until its top is 83 inches from the 
centre of the spindle, and which has a horizontal move- 
ment at vight angles to it, This saddle and cross table 
can be removed to increase the eapacity of the machine 
when necessary. 

Vertical Boring Mill. The capacity of the machine shown 
in Fig. 211 is 44 inches in diameter and 87 inches in 
height under the cross-rail or 31 inches under the tool 
holders. 

The table is 42 inches in diameter, is powerfully geared, 
and has ten changes of speed, 5 with back gears and 5 
without, The maximum speed of the table is 20 r. p. m. 
and the minimum speed 6 r, p.m, 

Tho tooth of both the table and pinion are of stool, and 
are aeeurately planned. 

On the under side of the table there is an outer bearing 
nearly equal to the diameter of the base. 

The table spindle is 10 inches in diameter and 20 1-2 
inches in length, 

The table spindle has a straight bearing which acts in 
conjunetion with an angular bearing to reeeive the side 
strains. There is also a thrast ball bearing on the lowor 
stop of the epindle whieh acts as a proventative against 
any lifting tendeney, and which relieves the friction of 
table when a heavy cut is being taken, 

‘The turret slide can be set to bore, turn and cut 8 and 
11 1-2 threads per inch, and has a vertical movement of 24 
inches, 
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Pix, 241 


The turret slide ean be set to bore, turn and eut 8 ani 
has five 2 5-16 inch holes. 

The heads are entirely independent in their movement, 
both ux to direction and amount of feed. The left hand 
head can be set at any angle, and has a movement of 24 
inebes, Either head ean be brought to the center for bor- 
ing, both heads have a vertical movement of 24 inches. 

Tho honds are attached to steel food-serows by split nuts, 
which ean be opened, and a rapid movement obtained by 
ratehet and pinion, engaging a stecl rack on the cross-rnil. 
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The feeds are positive and have fifteen changes, ranging 
from 1-64 inch to 61-64 inches horizontally, and 1-64 inch 
to 9-16 inches in angular and vertical directions. 

The cross-rail is raised and lowered by power, which can 
be done without removing the table. 

‘The band brake which operates on the main driving cone, 
by hand, stops the table instantly. 

The back gears can be changed by means of a lever, 
without the use of « lock nut. 


‘Drill Presses. 


Figure 212 shows a vertical or upright drill-press, back- 
geared, with both hand and power-feeds and an adjustable 
raising and lowering swing-table. 

‘A is a hand-lever for the quick adjustment of the spindle 
#H when using the hand-feed. B is the power-feed device 
with autotmatic stop, worm-feed and quick return motion 
for the drill-spindle. C is the step-cone pulley which is 
driven from the step-cone shown at N. D shows the bevel 
gears which transmit the motion from the horizontal shaft 
to the vertical drill-spindle D. E shows the chain to which 
a weight is attached to balance the weight of the spindle 
H. F is a hand-wheel for the hand-feed attachment on 
the worm-gear spindle. G is a quill or sleeve for raising or 
lowering the drill-spindle D, by means of a rack I attached 
to the sleeve G, which engages with a pinion upon the 
worm-gear spindle, J is the upright column or standard 
which carries the drill-spindle driving mechanism. K 
shows the erank for raising and lowering the table L by 
means of the bevel gears and the serew M. L is the cir- 
cular table or face-plate which is provided with slots for 
the bolts which hold down the work. R is a brackgt which 
supports the table L and $ a foot-lever for actuating the 
belt-shifter over the tight and loose pulleys P. T is the 
base-plate which has its upper face planed and is pro- 
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vided ‘T-slota for bolts 
to hold large work 
which eunnot be drill- 
ed on the table. 

A torsional stress is 
Imposed upon drill 
presees owing to the 
fact, that a revolving 
drill does not cut at 
its centeal point, even 
though its outermost 
clreamference may 
have an excellent ext 
ting effect. 

‘The torsional strain 
in easily overcome by 
using «# spindle of 
high carbon «tel, ac- 
carately cut gearing, 
and iff driving 
shafts. To reach large 
work the drill bead 
must overhang, and 
therefore requires a 
vory strong frame 
withstan the end 
pressure, 


Friction-Driven 
Drill-Presa, 


The drill-press 
shown in Fi 
bodies principles not 
usually found in other 
tools of ite kind, and 
in construc 
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tion and more effective in operation than almost any other 
drill for light work, 

The speed of the drill spindle can be increased or dimin- 
ished instantly, or the motion reversed, without stopping 
the machine or shifting the belts. 

More or less driving power can be applied to the dll 
spindle, as the size of the drills or the nature af the work 
fay demand. 

‘The feed lever is provided with a very sensitive adjust~ 
ment, which with the perfect control of the operator over 
the speed and power makes it possible to use the smallest 
drills with the least possible dan, of breakage. By a 
hand gerew within convenient reach the platen or table ean 
be moved rapidly on the column and ean be clamped firmly 
at any desired height. 

All bearings and wearing surfaces are especially fitted 
for durability, and ample provision is made for taking up 
wear, 

Tt is claimed for this drill sup rity, both in simplicity 
of the construction, which renders it leas liable to derange- 
ment, and in effectiveness of operation an aceonnt of the 
variations of speed and power being #0 completely under 
the control of the operator, whereby all the ndjustmente 
are made with the least possible loss of time. It is smooth 
‘and almos{| noiseless in operation, and entirely free from 
the vibratory motion commonly found in drills of this class 
where the spindle is driven by belt. 

Gang Drill Pross. are 214 illustrates a new pattern 
of a Sspindle back-geared Gang Drill press, with an Auto 
matie Approach and Return Feed. It is also made with 
spindles with or without back gear, spindle with plain lever, 
spindle with combined lever and # 4, spindlo with 
self feed and automatic stop, # indle with re 
verse motion for tappine 
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Motor-Driven Drill-Presses. 

In view of the fact that oloctricity is beeoming 20 popm- 
Jar ag & motive power for drivi whiners, two methods 
or styles of mounting motors to Upright Drill-Presses are 
Both illustrations (Figs. 215 and 216), show direct- 
connected electric driven tools, One is called a direet-con- 

ected Belt-Driven motor outilt, and the other a direet- 





shor 
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ig. 20. 
vounected Gear-Driven motor ontfit. The gear-driven outfit 
has a reverse motion independent of the motor. The belt- 
driven outfit is tho most popular, not only on account of 
its less cost, but from the fact thet the motor is entirely 
out of the way. 
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Upright Drill, ‘Tho drill press ehown in Pig, 217 is said 
to be a very strong and stiff tool, thoroughly well made 
and high grade in every respect. It is amade in the follow- 
ing styles: 

Without back year, with hand lever feed. 

Without back gear, with combined lever and worm feed. 

Without buck gear, with self feed, automatic stop, com- 
bined lever and worm feed. 

Buck geared, with hand lever feed. 

Back geared, with combined lever and worm feed. 

Back geared, with self feed, automatic stop, combined 
lever and worm feed, 

All the drills have a quick return Iever for the spindle. 

The spindle is titted wi 





ith the No, 3 Morse taper. 

Radial Drill. ‘The radia! drill shown in Fig. 218 em. 
bodies in addition to all the useful features of other ma- 
chines, several decided improvements, 

The stationary column is of heavy section throughout, 
and is made of one piece, It is bolted to the base and 
does not revolve, Thero are four webs inside, extending 
its entire length, which add greatly to the strength of the 
machine and provide for resisting enormous straing at any 
height, particularly when the arm and spindle are at ‘their 
maximum distances 

The arm is made of pipe section, its upper brace being 
ag closo to the head as possible, while the lower brace is 
at the outer cdge, This prevents twisting of the arm 
Jo resisting the extreme upward preseare of the epindle 
when drilling. A top cap, resting on roller bearings, sup- 
ports the arm, both making a full circle about the column, 
they ean be instantly locked by fixed binder levers, The 
arm is lowered at almost tlroe times the elevating speed by 
a serow having boll thrust bearings. A bronze plate, at- 
tached to the uxm, shows the operator the correct speeds 
for drilling either cast iron or stool, 
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A ring, graduated to 360 degrees, turns with the arm, 
and, in conneetion with a zero on the column, provides a 
means for bringing the arm back to n definite position as 
often az desired. This feature ix of epecial ndvantage in 
working on duplicate parts held in fixed jigs or otherwise, 








Vig. 218. 

The hend can be locked to the arm, it ix traversed by 
means of a double pitched serew which exguges with the 
revolving dial on the outer end of the arm. This permit 
the operator to bring the hend to within .001 of an inch 
of the required placo, 
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The spindle is made of crucible steel, and is ground and 
counter-balanced, it has a quick advance and return, and 
has a provision for taking up wear. When used for tap- 
ping, it is impossible to accidentally engage either auto- 
matic or lever feed, thus avoiding the breaking of taps. 
An adjustable gauge screw causes the spindle to slip when 
a tap reaches the bottom of a hole. It requires only four 
seconds to change the spindle speed from 18 to 370 revolu- 
tions per minute, or to any of the 16 available speeds, are 
arranged in geometrie progression, the maximum being 
more than 20 time? the minimum. 





The starting lever projects from the loose ring eneireling 
the column and is within easy reach, it can be operated © 
from any’ position about the machine, It controls the 
raising and ‘lowering of the arm, also the starting, stop- 
ping and reversing of any of the 16 spindle speeds. 

The automatie feed is driven by means of a friction 
plate and by bringing the small friction wheel from the 
center to the outer diameter of this plaie, any feed from 
.000 to .023 inch per revolution of spindle can be instantly 
obtained, and while the drill is at work. The amount of 
friction required for light or heavy drilling is regulated 
by a knob on the right of the feed shaft 

The automatie trip is provided with a safety stop which 
prevents the feeding of the spindle after it reaches the 
limit of its travel. A graduated bar on the counterbal- 
ancing weight is set to zero when the drill enters. The 
bar has several adjustable dogs to trip the feed as often as 
desired, these do not interfere with the spindle travel, The 
feed can also be tripped by a lever on the vertical feed 
red. 

The base of the machine is deep and very heavy, with 
fan-shaped ribs leading to the center of the column, These 
ribs insure extreme rigidity, no matter where the pressure 
of the spindle may come. 
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The table usually furnished with the drill is plain, but a 
round or worm-swiveling {able can be supplied, if desired. 
It has a round boss in its center, which can be bored to re- 
ceive bushings for boring bars passing through the eouter 
of the supporting stand on the base, 








Pig. 218. 


Each binder lever is forced by a small nut onto its screw, 
which bas a tapered end, so that, in case of wear, it can 
be released and changed to suit the operator. 





a 
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Radial Drill, The drill shown in Fig, 219 has o sliding 
head, back geared and self-feed nnd nutomatie stop and 
quick return lover for the spindle, 

These machines are designed with a view of having all 
the adjusting parts easy of access, and so arranged that 
the operator ean with the loast effort control their aetion, 
To stop or start the spindle, to elunge the speed, to en- 
kage the self feed, to chango from fast to slow food, or 
from hand to self feed, to ralse or lower-the sliding head 
on the column, to raise or lower the platen or swing it 
from under the spindle, to throw in or out the back gearing 
—all are operated instantly by permuncntly attached de- 
vices for these various purposes. The drills have roller 
hearing for spindle thrust, 

Particular attention is called to the positive self feed 
with eight changes of feed, gear driven (no belts). 

‘The sliding head and spindle are counterbalanced, all 
shafts are of steel, and tho bearings are extra long. 





Fig. 220, 


Back Gear of Drill Press. The cut iu Fig. 220 shows th 
cone pulley withdrawn from the shaft, and the locking 
plunger and lever for throwing in and the back gearing 
exposed to view, 
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This internal back gear ix mot new and untried, bat has 
heen ased for fftves: years on drill presses, 

This style of beck gear throws so vil, accumulates om 
dirt, is quick acting and always in working order. 


Compound Drill Press Table. 


‘The Drill press tables such we illustrated in Fig. 221 
have both transverse ond longitudinal feed and may also 
be swung radially arownd the column of the press if de. 
sired? 








Pig 322, 


Gear change Box. The accompanying illustration Fig. 
222 shows = speed box, equipped with a constant speed 
motor, which ean be fumished in place of the plain palley 
her style speed box excels the cone pulley drive, 
ls it is more easily manipalated, does away with the 
shifting of belts, and can be drives from below the floor 
or at right sngles to the line shaft, ‘The two Tong levers 
in front of the box control four ehanges of speed, the small 
one between them locks one lever while the other is in use. 
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‘The numbers cast on the lid of the box indicate in what 
direction to push tho levers. They eorrespond with the in- 
dex plate on the arm, for the proper spindle speed. 









Tapping Attachment for Drill Prosses. 

The geared tapping attachment shown in Fig. 223 works 
directly on the spindle. Tt hax a positive eluteh for en- 
gaging the forward and backward motions and gives a x 
verse spoed of 2 to 1, A movement of the conveniontly 
located lever starts, stops, and reverses the spindle it 
stantly without any jar while the machine ix in motion. 
To disengage the tapping attachment throw the lever A 
md the machine is changed from a tapping machine to an 
ordinary drill press and viee versa. There is no undne 
wear as the extra gearing is running only when required, 
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Fig. 224 shows the change-speed amechaniem of the feed 
Of the drill preaees deseribed in Figs, 215 and 217. 
Tire Drill. The drill shown in Pig. 225 needs very little 
and rims, it is one of the most rapid and handy tools on 
i 
I 









Pig. 224 

‘3 movement of the lever, each spindle Is 
m position and locks itself ready for action, only 
se revolves, Tho hole in the spindle is 
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Pig. 228. | 
‘Phe arm on which the wheel rosts, hug rollers with ad- | 

jestable collars, tho top rim of the wheel rests against an 

adjustable plunger. 
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Almond Drill Chuck. 

The chuck illustrated 
in Fig. 226 will center 
and hold drills a 
firm grip, and is said to 
be one of the best 
chucks in the market, 


Skinner Drill Chuck. 


The chuck shown in 
Fig. 226. Fig. 227 is made ontire- 
ly of atecl, It ts eapeci- 
ally adapted forall light 
aad rapid drilling, such 
aa is done on sensitive 
drills, and where great 
accuracy is required, 


Cushman Drill Chuck. 


The working parts of 
the chuck illustrated in 
Fig. 228 are of steel, 
and it ie made in a most 
thorough manner, Itis 
a self-tightening ehuck, 
and needs no. spanner 
wronch to make it hold 


Twist Drills 


‘The advantages of a 
twist drill over a flat 
drill are as follows: The 
enttings can find free 
egress more readily 
through the grooves in 
the twist drill, In the 
flat drill the cuttings jamb between the hole and the wedge- 
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shape sides of the drill, requiring frequent removal of the 
drill to extract the cuttings, In deep holes more time is 
occupied in this manner than in the actual entting opora- 
tion. The twist drill nearly always runs true, and requires 
no reforging or tempering, and, by roason of its shape, fita 





Fig. 230. 


closely and produces « straight, parallel hole, provided the 
point is cround strictly true. 

Horizontal Drill Press. A horizontal drill press ix illus. 
trated in Fig. This machine is desigaed especially for 
Jarge work and the drilling of holos in tho ond flanges of 
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large cast iron pipes or columns, The head is counter- 
balanced by a weight as shown and may be swung through 
a wide angular range, 


GEAR CUTTING MACHINES, 


Fellow's Gear Shaper. A few of the distinctive foaturos 
of the machine shown in Fig, 230 are: ‘The gear shaper 
cuts a theoretically correct gear tooth, Only one entter 
for each pitch is necessary. An error in spacing is an 


Pig, 281. 

impoesibility. No depth gauge is required, as the machine 
attends to that automatically. Tt eannot produce an ine 
correct tooth by setting the cater ‘off conter,”” The euttor 
travels the exact face of tho blank only. The gear shaper 
is furnished with an equipment covering all of the ordi- 
nary needs of a machine of this kind, ineluding an auto- 
matie entter grinder, a set of six cutters, change gears, oll 
pump and countershaft. 
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An example of the work produced ix shown in Fig, 231. 
This is done as follows: The blank to be cut is secarely 
fastened on the wor ‘bor and the machine being started, 
the cutter reeiprocating vertically its center line is fed 
towards the blank A, and cuts its way to the proper depth. 
At this point both ihe cutter C and the blank G@ begin to 
revolve, the euttcr © maistaining its reciprocating motion. 











Fig. 292. 


This revelation of the eutter C and the blank G is ob- 
t by an external mechanism, whieh insures that the 
movement shall be as thouzh the cutter and blank were 
two complete gears in correct mesh, 2 is a seetion 
throngh the blank und cutter which shows the process of 
cutting spur-toothed gear wheel, 

It also shows th tion of the gear cutter, each eut and 
the wedge form of the gear shaper ehips, 
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The combined result of the rotary and reciprocating mo- 
tion is that the catter teeth yeourste conjugate teeth in the 
blanks whieh mesh corrvetiy with the eulter teeth and ‘with 
each other. 

Whiton Gear Outter. The (col shown im Fig. 233 is a 
universal milling machine, which is adapted for eatting 
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spur and bevel gears, and worm gears by the hobbing pro- 
cess, from blanks ot previously nicked 

Every movement depends for ifs action apon the comple- 
tion of all previons movements, so that the possibility of 
error is reduced to a minimum. 

The feed depends upon the completion of tho spacing, 


ae 
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und the cutter cannot advance into an imperfectly spaced 
blank, The feed mechanism is disengaged during the spac- 
ing, and the cutter carriage remains at rest, The spacing 
movement is very rapid, and its completion re-engages the 
feed. Only one stop adjustment is required, 





Pig. 234. 


There are no frletional devices which consume power 
when not in action. 

Automatic Gear Cutter. ‘Tho machine shown in Pig, 4 
cuts spur gears to 26 inches in diameter; 8 inches face 


294 MACHINE SHOP PRACTICE 


and 4 diametral pitch in cast iron and 5 in steel. The 
eutter spindle is hardened and ground and provided with 
means of compensation for wear. It has 6 changes of 
speed from 20 to 80 revolutions per minute. The speed 
changes are in geometrical progression and are obtained 
by change gears. The outer bearing on the cutter slide 
gives an additional support to the cutter arbor. 

The cutter arbor is 1% inches in diameter, it can be re- 
moved in a few moments and smaller ones substituted. 
‘The return of the entter slide is rapid and at a constant 
speed which is independent of the speed and feed of the 
entter. The cutter has 15 changes of feed from .037 to 
620 inches per revolution and is obtained by change gears. 
The feed changes is geometrical progression. The work 
spindle head is adjusted by meaus of a screw operated by 
a crank. The thrust of (ue elevating serew is taken by 
ball-bearings, A dial graduated to thousandths of an inch 
indicates the amount of this adjustment. Provision 12 also 
made for raising and lowering the head by power. The 
indexing mechanism is extremely accurate and entire 
dependent of the feed and speed of the eutter, so that the 
indexing is as rapid when the feed and speed are slow as 
when they are fast. The index change-gear provide for the 
eutting of all numbers from 12 to 50 and all numbers from 
50 to 400 excepting prime numbers and their multiples. 


The Sizing and Ontting of Gears. The word diameter 
when applied to gears is always understood to mean pitch 
diameter. 

‘The diametral pitch of a gear is the number of teeth 
to each inch of its pitch diameter. 

Tf a gear has 40 teeth and the piteh diameter is 4 inches, 
there are ten teeth to each inch of the pitch diameter, 
and the diametral piteh is 10, or, in other words, the gear 
is 10 diametral pitch. 

The circular pitch is the distance from the center of 
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one tooth to the center of the next tooth, messured along 
the pitch circle. 

If the distance from the center of one tooth to the cen- 
ter of the next tooth, measured along the piteh cirele, ia 
4% ineh, the gear is U4 inch elreular piteh. 

Having the diametral piteb, to obtain the cirenlar pitehy 
divide 3.1416 by the diametral pitch. 

If the diametral pitch is 4, divide 3.1416 by 4, and the 
quotient, 7854, ie the cireular piteh, 

Having the cireular, to obtain the diametral piteh, divide 
3.1416 by the circular piteh. 

If the cireular pitch ix 2 inebes, divide 3.1416 by 2 and 
the quotient 1.5708, is the diametral piteh, 

Having the number of teeth and the diametral piteh, 
to obtain the pitch diameter, divide the number of teeth 
by the diametral piteh. 

If the number of teeth is 40 and the diametral piteh ix 
4, divide 49 by 4, and the quotient 10, is the piteh din- 
meter. 

Having the number of the teeth and the diametral pitch, 
te obtain the whole diameter or size of blank of the gear, 
add 2 to the number of teeth, and divide by the diametral 
piteh, 

If the number of teeth is 40 and the diametral piteh 
is 4, add 2 to the 40, muking 42, and divide by 4; the 
quotient, 1014, ia the whole diamoter of the gear or blank. 

Having the number of the teeth and the diameter of the 
blank, to obtain the diametral pitch add 2 to the number 
of the teeth, and divide by the diameter of the blank. 

Tf the number of teeth is 40, and the diameter of the 
blank is 10% inches, add 2 to the number of tocth making 
42, and divide by 1014. The quotient, 4, is the dinmetral 
piteb. 

Having the pitch diameter and the dinmetral piteh, to 
obtain the number of (ccth, multiply the piteh diameter by 
the diametral piteh. 
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If the diameter of the pitch circle is 10 inches, and the 
diametral pitch is 4, multiply 10 by 4, and the produet, 40, 
will be the number of teeth in the gear. 

Having whole diameter of the blank and the diametral 
piteh, to obtain the number of teeth in the gear, multiply 
the diameter by the diametral pitch and substract 2. 

If the whole diameter is 1044, and the diametral pitch is 
4, multiply 10% by 4 and the product, 42 less 2, or 40, is 
the number of teeth, 

To obtain the thickness of a tooth at the pitch line, 
divide the cireulac pitch by 2, or divide 1.57 by the diame- 
tral pitch. 

If the circular piteh is 1.047 inches or the diametral 
piteh is 3, divide 1.047 by 2, or 1.57 by 3, and the quotient, 
523 inch, is the thickness of the tooth. 

To obtain the whole depth of a tooth, divide 2.157 by 
the diametral piteh, 

If the diametral pitch of a gear is 6, the whole depth is 
2.157 divided by 6, equals .3595. 

The whole depth of a tooth is about 11-16, or exactly 
6866 of the cireular pitch. 

If the cireular pitch is 2, the whole depth of the tooth is 
about 11-16 of 2 inches, or 13-8 inches nearly. 

To obtain the distanee between the centres of two gears, 
add the number of teeth together, and divide half the sum 
by the diametral pitch. 

If two gears have 50 and 30 teeth, respectively, and are 
5 piteh, add 50 and 30, making 80, divide by 2, and then 
divide this quotient, 40, by the diametral piteh, 5, and the 
result, 8 inches, ix the centre distance. 

To divide the sum of the pitch diameters of the gears 
by 2. 

No. 13 table shows the diametral pitches with the corre- 
sponding circular pitches. 

No. 14 table shows the circular pitches with the corre: 
sponding diametral pitches. 





Taste No, 13, 


Clroular Piteh, in| Dinmnetret Pited, 
Ti inch 


Dinmeteal Prren, | “ren! inches, 





2.5138 
1.0944 











According to the system adopted by the Brown & Sharpe 
Mfg. Co, and known a3 the Dismetral Piteh System, any 
gear of one piteh will gear into any other gear or into 
rack of the same pitch, Eight euttera are required for 


¢ach pitch. These eight cutters are adapted to ent from 
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a pinion of twelve teeth to a rack, and are numbered re- 
spectively, 1, 2, 3, &e. 


No. 1 will eut wheels from 135 teeth to a rack, 

No, 2 will cut wheels from 55 teeth to 134 teeth. 
No. 3 will cut wheels from 35 teeth to 54 teeth. 
No. 4 will cut wheels from 26 teeth to 34 teeth. 


No, 5 will cut wheels from 21 teeth to 25 teeth. 
No. 6 will cut wheels from 17 teeth to 20 teeth. 
No. 7 will cut wheels from 14 teeth to 16 teeth. 
No. 8 will cut wheels from 12 teeth to 13 teeth. 





If a cutter is wanted for a wheel of 40 teeth of 8 pitch,’ 
then the cutter required, would be No. 3 of 8 pitch, inas- 
much as a No, 3 cutter will cut all wheels containing from 
35 to 64 teeth, inclusive, and 40 occurring between those 
numbers, it is the one desired. It should be borne in mind 
that eight different cutters are required in order to cut all 
the wheels of any given piteh. 

As these cutters allow of being ground when dull, it is 
important that they be kept sharp. By paying particular 
attention to this the cutting will be greatly facilitated be- 
side being much better done. 

It is desirable in applying gearing of any kind, to avoid 
having wheels or pinions with a small number of teeth. 
Pinions of twelve teeth will work very well but a less num- 
ber of teeth should not be used. 

Few mechanies are familiar with the minutiae of gearing 
and the necessity of exact sizing of wheels, as to diameter, 
is often overlooked. Special care is required also to know 
what the distance of the centers of two wheels running 
together is correct relative to the diameters, 
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‘TasLe No. 15—Depri oF SPACE AND THICKNESS OF 
ToorH 1 Srcr WHEELS, Wi 
INVoLUTE CUTTERS. 





Pitch | Depth to be 
ot | cutin Gear, 

















Cutting Gears. When cutting gears care must be taken 
to have the cutter central with the index centers, and to 
have the eut exactly the depth required. A good method 
{ testing the setting is to cut a groove in a piece on the 
centers, then shift the pieer end for end and try the groove 
upon the eutter, A good method of holding the gear blanks 
is on an arbor with a taper shank which fits in the index 
spindle, the outer end of the arbor being supported by the 
foot ste Frequently in cutting gears a shank 
arbor is used with an expanding bushing and a nut on the 
arbor at each end of the bushing. one nut foreing the bush- 
ing up on the arbor and holding the gear blank, while 
the other pushes the bushing off the taper and releases 














center. 
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the gear when finished, Tf the ordinary arbor and dog are 
used, care must be taken that the deg does not spring the 
arbor, The depth of the eut can be gauged from the out- 
side of the blank, or, if #0 desired, marked om the side by 
a gear tooth depth gai In eutting gears, when the blank 
has been placed in position it is raised by the elevating 
serew until it just touches the cutter. The graduated col- 
lar on the vertical feed shaft is placed on the zero line 
and the blank moved horizontally away from the cutter. 
‘Then the work is raised the number of thousandth: of an 
inch required for the depth of tooth, 

Table No. 15 gives the depth of the gear teeth of pitehes 
from 14% to 48 diametral pitch. Directions regarding the 
sizing and cutting of gear wheels, formulae for determin- 
ing the dimensions of small gears by diametral pitch, also 
directions for selocting involute gear cutters for any given 
piteh are also given in eoaneetion with the table. 

Tooth Flanks Undercut. It is well known that involote 
gears ean bo made of different systoms or of different 
angles of obliquity or pressure. In the system proposed 
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by Professor Willis abont fifty years ago, the angle of pres- 
sure, or obliquity, is fourteen and a half degraes. Twice 
this angle is the familiar angle of » worm thread tool. 
Gears made upon this system are thoaght to crowd less 
upon their shafts than those having a greater angle of 
pressure, If, however, a gear or pinion has fewer than 
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twelve teeth, this angle may eanse their flanks to be un 
dereut and in consequence weak in order to clear the faces 
of tho teeth of the engaging gear. The drawing of n seg- 
ment of a gear of ten teeth, four diametral pite, in Fig. 
286A, illustrates this undercutting which je greater as the 
teeth are fewer. 

Gears or pinions, having fewer than twelve teeth mizht 
be unavailable if underent ne much as at A, Band C, in 
Fig. 235B, Gears that are to do heavy work may require 
@ greater angle of pressure than fourteen and a half de 
grees, if they are to run with a pinion of fewer than 
twelvo toeth, 















Pie. 2160) 


In the choice of an angle of pressure some idea may be 
obtained from the lower view in which is taken from a 
gear 10 teeth, 4 diametral pitch, ‘The ungic of pressure in 
these teeth is 2214 degrees, The greater strength of the 
tooth flanks in this figure is readily seen. The angle can- 
not be mach more than thirty-two degrees and have the 
addendum of the teeth or that part of the tooth above 
piteh line of the ordinary height, whieh is equal to one part 
of the diametral pitch. 

Bovel Gears, The curve of the teoth in bevel goars, 
8 constantly from one end of 














when correctly formed, oha: 
the tooth to the other. Consequently bevel gears, whose 
teeth are produced with a cutter of fixed curve, are not 
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(heoretically eorreet, the cutter usually being of a curve 
that will make the correct form at the outer part of ihe 
face of the gear, and of necessity will leave the curves too 
large ut the inside enda of the teeth, Small bevel gear- 
ing is almost universally produced in this manner, which 
prtetically answers the purpose, except when the teeth are 
very coarse or the gears very small, in which cases their 
operation is not satisfactory, In place of entting by chang- 
ing the position of the cutter, the teeth are often filed 
slightly, in order to round them off to the curve required 
for their free running. On all bevel gears cut with a 
cutter of fixed curve, it is necessary to cut through twice, 
owing to the necessity of making the thickness of the cut- 
fer on the pitch line equal to about .005 inches thinner 
than the space between the teeth at the smallest Pitch dia- 
meter. As the width of space between the testh on the 
largest pitch diameter should be greater than the thickness 
of the cutter, it. must be made so by passing that cutter 
through the second: time, -Fig. 236 will explain the forms * 
of spur, bevel and mitre gears, also the terms pitch diame- 
ter, outside diameter, largest pitch diameter, length of face, 
ete. When a pair of bevel gears are of same size and 
number of teeth, with their lines of centers at right angles, 
they are called mitre gears, and one cutter will answer for 
both, but where one gear has a greater number of teeth, 
or.differs in bevel from the one running into it, then each 
of the pair of gears may require a different cutter. 

‘When giving the dimension for bevel gears always give 
the following information as shown in Fig. 237. 

The piteh, or if preferred, give the diameter of pitch cir- 
cle. 

The number of teeth in the gear. The number of teeth in 
the pinion. 

A, or diameter of hole in the gear, a, or the diameter of 
the hole in the pinion. 
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The backing for both the gear and pinion, 
©, or width of the face. 





n= OUTEIOE DIAM 


—tARGEST PITCH DIAM 





= 4ARGEST PITCH DIAM .. 
Pig, 226, 





D, or diameter of the goar buh, or ihe diameter of the 
pinion hub, if these dimensions are of importance. 
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HK, or the distance from center of pinion shaft to end of 
gear hub; or distance from eenter of genr shaft to end of 
pinion hub. 

Key way, or set screw, and what size, 








Whether to be used for pattern or not. 

Does the pinion drive or is it driven. 

Comparative sizes of gear tecth. The illustration in 
Fig. 238 show the comparative size of the teeth of involute 
gears from 20 to 3 dinmetral pitch. The teeth shown in 
the drawing are the full or actnal size. 

Gear Tooth Caliper. The double vornier caliper shown 
in Fig. 239, is for tho purpose of accurately measuring the 
distance from the top of the teeth to the pitch line, and 
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the thickness at the pitch lino of gear teeth, I will mea- 
sure all pitehes, 
The sliding jaw moves upon a bar graduated to read by 





Tig. 220 
means of the vernier to thousandth of an inch. A tongue, 
moving at right angles with the jaws, is graduated in the 
same manner. Both the sliding jaw and tongue are pro 
vided with suitable adjusting screws, 
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GRINDING MACHINES. 


Grinding Machines have proved to bo well adapted for 
producing securate work, Not only have they proved econ- 
omical in the manufacture of machinery and tools, both 





Fig. 240, 


general and special, but for duplicating parts of machinery 
manufactured on tho interchangeable system, they are une 
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excelled. They produce the same degree of accuracy, ex- 
cellenco, and economy when used on oither hardened or soft 
work, 





‘That it costs muck loss to finish and At work by grinding 
with emery wheols than by the old mothod on the lathe, 
has been repeatedly proven by experience, As emery 
heals, for a given amonnt of work, cost lees than files, 





i 


“308 MACHINE SHOP PRACTICE 


and emery cloth, it may be seen that this saving, together 
with the reduction in the time required to do the work, is 
a material one, whether the grinding is done for making 
aeeurate fits, or rough sizing. In many instances, actual 
practice shows that soft steel can be worked to much bet- 
tor advantage on the grinding machine than in the lathe 
or tho milling machine, 





Automatic Saw Grinder. Tho machine shown in Fig. 240 
will automatically grind the teeth of saws from 16 to 54 
inches diameter, 

Bench Grinder. The machino illustrated in Fig. 241 will 
be found one of the most useful and convenient tools in 
the shop, The emery wheel head is adjnstable to any de- 
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tired peeition for throwing light ou the work while being 
ground. By filling the baxin with water, it keops the emery 
from flying and also provides a convenieat place to dip the 
tools in while grinding. 

Grinding Attachment Figure 242 illustrates a new 
motor, driver, lathe, planer or shaper grinding attachment 
to be placed in the tool post of the lathe. The efficiency 
of this machine ean be readily seen by anyone requiting 
grinding to be done in the lathe, An attachment goes with 
each machine for internal grinding, as well as external. 





Pie. 243. 

Enife Grinding Machine. The machine illustrated in 
Fig. 243 is particularly adapted for any size and style of 
straight knives, It is provided with a friction clateb, 
which admits of starting and stopping the carriage quick. 
ly without stopping tho belts. The bed and base are cast 
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in one piece, thereby making a very rigid machine, where 
rigidity and cleanliness are particularly required. 





Hig. 244 


Size of the emery wheel, 261% inches. ‘The size of the 
emery wheel pulleys, tight and loose, 1014x414 inches, The 
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size of the carriage gang pulleys, 9x24 inches. The speed 
of the emery wheel per minute is 356 revolutions. Tho 
speed of the carriage per minute is 10%4 feet. 

Motor Driven Drill Grinder, ‘This machine shown in Fig, 
244 is desirable wherever an cleetrical plant has been in- 
stalled. It is made both for 110 and 220 volts, 

‘This machine, as ix clearly shown, has the motor frame 
and stand east in one piece, the controlling switeh being 
located within the hollow column, and is operated by the 
handlo shown on the side. ‘The motor is vory solidly mado, 
and will stand rough usage. Tho bearings are self 
and are extra large to insure Jong life. The bushings are 
made of gun metal and are easily renewed. 

One advantage possessed by an ¢lectrically driven drill- 
grinder is that it may be located at any pluce desired, and 
quickly connected with the power circuit by wires which 
ean be led in any direetion. It needs no pulleys, eounti 
shaft or belting, and when otee installed, the cost of main- 
tenance is reduced to a minimum. 

Motor Driven Water Grinders. Tho motor-driven grind- 
er shown in Fig, 245 is very neat and compact. Every 
machine is set up and tested for several hours before ship- 
ping. They can be furnished to operate with direct or 
alternating current. 

PLAIN GRINDING MACHINES. 

The grinding machine shown in Fig, 246 is unusually 
heavy, and the metal is so disposed ns to obtain a maxi- 
mum strength, and reduce the vibration, whieh is so com- 
mon in this class of machines, to a minimum. 

The Spindle ix of the best machinery steel, turned and 
ground to size. Tho ends aro provided with threads of 20 
degree angle, of the same depth as, but stronger than the 
square thread generally used. 

‘The Bearings are unusually large and are placed as near 
the wheels as practicable, thus reducing the liability of 
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Vibration, They are dust proof, The larger size grinders 
ure provided with renewable, inter-changeable boxes. ‘The 





tape are tongued and grooved, making them rigid and not 
Tinble to work loose, 
Tho Planges are heavy and of large diameter. The tight 
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flanges are forced on the spindle, and provided with grooves 
arranged to prevent the entrance of dust or dirt to the 
bearings from the outer ends of the boxes. 

The Self-Oiling Arrangement insures » plentiful sapply 
of oil, and is of such eonstrection that it is impossible for 
any dust, grit or sediment to reach the bearings. Reser- 
voirs are provided underneath the spindles for holding oil, 





Pig 248. 


whieh ig fed to the bearings by means of a ‘wiper’? The 
wiper is pressed up by a brass spring, and kept constantly 
fn contaet with the spindle. 

Polishing or Grinding Machine, The machine illustrated 
in Fig. 247 is #0 constructed that omery or polishing wheels, 
even though out of balance, will revolve on thelr center of 
gravity and will run smoothly, and vill not ponnd. 
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Polishing wheels do not require balancing when mm on 
‘this machine, and will retain their coating of emery much 
longer than on the ordinary machine. The work will not 
bump or stutter on the wheel, but passes over smoothly, 
and any wavy appearance of work is entirely obviated, 

The bearings are so constructed that they can be made 
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pliable and elastic, or rigid, according to the demande «f 
the operator, and the machine can be ran at donble *he 
speed of the ordinary machine without heating. 

Saw Grinder. The machine illustrated in Fig. 248 will 
grind circular or rip saws from 14 inches to 73 inehes, and 
any shape or aize of tooth, It has an adjustable stop serow 
to regulate the depth of the teeth. Size of the wheel, 12 
inches, any thickness to fit the tooth, 

Surface Grinder. The hand surface grinder shown in the 
drawing at Fig. 249 is an extremely useful tool for grind- 
ing small work. 
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Universal Grinding Machines, The yrinder sho in 
Pig. 250 as an olectrically driven tool in every detail, ux 
both the motor and 
machine are designed 
to work together and are 
built and tested in the 
same hop. Universal 
grinders, from the pecu- 
liar nature of their 
work, are better adapted 
to this mode of driving 
than, most other: ma- 
chine tools, having as 
they usually do from 
eight to ten belts, some 
‘of which have to be re 
moved for almost every 
operation. ‘The bolts 
not in ose hang in the 
way and are always giv- 
ing more or less trouble 
when running ata high 
speed. Tho work of a 
universal grinder re- 
quires that either the 
wheel or the piece be 
ing operated on should 
occupy almost every 
conceivable position, 
This is much easier 
and moro quickly done 
where the wheel is made 
to move, Practically 
all work is held between 

Pie 248 a pair of plain conters, 
or ina vise, and the wheel moved instead uf the work, thereby 
making o large saving in 
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‘The machine shown in Fig, 251 is a universal surfaco 
grinding machine with hand matead of power feeds, The 
Jongitudinal feed is by a lever as shown and the cross or 
transverse feed by means of a hand-wheel. A taper grind- 





Pig 249, 


ing attachment ie provided which is operated by a hand- 
wheel and serew at the left of the hinged table, 

Water Grinding Attachment, The Water Attachment 
as shown in Fig, 252 is arranged for use on the grinder 
heads. It is so constructed that the outside covering plates 
can be easily removed, and aceess quickly had to the 
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wheels. The tool rests and the plates for deflecting the 
water are adjastable to the wear of the wheel, 

Water Grinding Machine. ‘The woter attachment on the 
machine illustrated in Fig. 253 consists of a chain ang 








Fig. 250, 


pulley, entirely cloar of the water in the tank, and is opor- 
ated hy simply lowering the lever on the side when a flow 
of water is desired, and raising it to turn it off. There ix 
No pump to get ont of order, nor pan to rust fast. The 
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entire attachment ean be reached in a minute’s time. The 
flow is even and constant and the operator is not deluged. 

Water Tool Grinder. A water tool grinder is shown in 
Fig. 264 has am outside attached eentrifagnl pump to fur- 
nish a supply of water to the wheel. The water is cols: 
ed in the base of the grinder and is used over again, 





Big. 261. 


Care and Use of Grinding Machines. Ax tho durability 
of a machine very largely depends upon the care of the 
operator, it will soon become unrelinble if not properly 
cared for, however well it may have been constructed, All 
wearing surfaces should be carefully guarded and kept well 
supplied with oil, The use of a good quality of any ma- 
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chine oi] is recommended in preference to one of a low 
grado, Oil holes which are closed with screws usually 
have the words cil hole stamped aronnd them, and caro 
Should be used when oiling to keep them free from dirt anid 
emery grit. 





Fig, 262, 


The grinding machines should be kept as clean as pos- 
sible, and in no case should the bearings be allowed to 
gum up, When the bearings are opened and exposed for 
any purposo whatever, they should be carefully wiped off 
before they are closed again to free them from any grit 
that may have lodged upon the surfaces. 

The spindle boxes should be perfectly clean when put 
together. Before tightening the caps the oil space should 
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be filled with good oil, never lard oll, and the wheel turne 
ed slowly while first one cap and then the other is screw- 
ed down until quite tight. The felt that supplies the oil to 
the spindle should be kept clean. 





Vie 253, 
Water should always be used on such classes of work as 
are affected by a change of temperature caused by grind- 
ing. It should also bo used upon work revolving npon con. 
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ters, as in this class of work a slight change in temper- 
ature will cause the wheel to ent on ono side of the picee 
after it has been ground apparently round, 





Big, 204, 

Tn very accurate grinding water is especially useful, for 
the exactness of the work will be affected by a change 
temperature which is not perceptible to the touch. It is 
well to use the water over and over again, o# there is thus 
less difference between the temperature of the water and 
the work than if fresh water is used. 
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Work that will grind smooth with water will often de- 
yelop minute vibrations when grinding dry. There is, ap- 
parently, a rapid fluctuation of temperature, which causes 
the work to approach and recede from the wheel very rap- 
idly, thos leaving a mottled or rough surface. 

Emery Wheels. Wheel should always be kept true. This 
ean be easily done by using a diamond tool, known as the 
Diack diamond or earbon point, held in the hand or in the 
fixture furnished with the machine, A new emery wheel 
should be started slowly and trued gradually. Fig. 255 
shows the method of truing the face and the side of the 
wheel. 

In mounting emery wheels there should always be elastic 
washers placed between the wheel and the flanges. Sheet 
rubber is the best for this purpose, but soft leather will 
answer very well, In some cases manufacturers of emery 
wheels attach thick, soft paper washers to each side of the 
wheel, when this is done it is all that is necessary. 

A satisfactory emery wheel is an important factor in the 
production of good work. Too much, however, must not be 
expected of one wheel. A variety of shapes, sizes, and 
grades of wheels is necessary for the grinding machine, the 
same as a variety of shapes and sizes of tools are necessary 
to obtain the best results from the lathe or milling ma- 
chine, 

Internal Grinding. For internal grinding it is especially 
important that a wheel should be free euiting, and the work 
revolved so slowly as to enable the wheel to readily do its 
work, The wheels should generally be softer than for cx- 
ternal grinding, as a much larger portion of the periphery 
is in contact with the work. In regulating the speed of 
the work it must always be considered that the small dia- 
meters of the wheels make it impossible to obtain the 


proper periphery speed. 








MACHINE TOOLS 323 









ran 
=a og Dt 4 






has, 
El i 


po. Ramee 















824 MACHINE SHOP PRACTICE 


The method of driving an internal grinding fixture is 
illustrated in Fig. 256, 

Speed of the Work and Out of the Wheel. The speed 
of the work and eut of the wheel bear such close relation 
to each other that it is best to consider them together. 
The surface speed of the work should be proportional to 
the grade and speed of the wheel. For example, if a piece 
1 inch in circumference is being ground successfully with 
@ given wheel, and the wheel is sizing accurately in re- 
sponse to the graduations on the cross feed wheel a piece 
2 or 3 inches in circumference would, with the same wheel 
and number of revolutions per minute show a coarser sur- 
face, and the wheel would cut larger than shown by the 
graduations on the cross feed wheel. On the other hand, 
if the same surface speed was used in both cases the re- 
sults would be the same, 

Should a wheel heat or glaze, more effective work ean 
often be’ obtained by running it slower. If, on the other 
hand, it is too soft it can often be made to hold its size, 
and grind straight, by using a higher speed. 

Method of Driving Universal Grinder. The elevation. 
Fig, 257, shows the location of the overhead works in rela- 
tion to the grinding machine. The shafts run in the diree- 
tion indicated by the arrows. The emery wheel is controlled 
by the main belt shipper and the work is revolved independ- 
ently of the wheel. 

Accuracy of the Work. In order to reduce the diameter 
of work as little as one-quarter of one-thousandth of an 
inch, the emery wheel slide must move as little as one- 
eighth of one-thousandth. If it were possible to split a 
piece of tissue paper into twelve thicknesses, one of 
them would represent the movement of the wheel slide re- 
quired to reduce the diameter of work one-quarter of one- 
thousandth of an inch, an amount that is seareely visible 
to the naked eye. The wheel slide to move such a small 











MACHINE TOOLS 327 


amount accurately, must be well oiled each day, and to in~ 


sure thorough Inbrication, it should be moved its entire 
length while oiling. 








Fig 
Back Rest. A plain back rest as shown in Fig, 
be used to advantage on all 


use will ine 


Soft metal shocs made to fit various diameters, are 
best, Tho shape of thes 
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special work. As a rule, however, buck rest shoes must be 
more or less special and dependent upon the judgment of 
the operator, 

Head Stock. A cross section through the headstock of 
a grinding machine is shown in Fig, 259. The boxes aro 
usually adjusted before the machine is boxed for shipment, 
and, ordinarily, no adjustment for wear will be required 
for several yoars after the machine has been in opera 
tion, When any adjustment for wear is required, remove 
the caps and serape a small amount from the sents whore 
they bear upon the head casting when in place, Then re- 











Fig. 259, 


place the caps and force them to their seats with the bind- 
ing werews, When it is desired to grind the work on the 
dezd centers the spindle ix held in position by a pin, ax 
shown in Fig, 250, 

Vibration of the Work. Vibration or chatter of the 
work is the cause of much trouble if means of prevention 
are not understood. In a well desizned and constructed 
machine the vibration of its parts should be reduced to a 
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stand without disturbing the adjustment of the boxes, 
Loosen the caps, which are hinged and held in place by 
bolts, 

‘The driving pulley and flange are made in one piece, and 
fitted to the spindle and held in place by a lock nut on the 
spindle, 
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Tape No. 16—EMERY WHEEL SPEEDS. 


For Surlace 


Speed 10 5000 
tect 


For Surface 
Speed of 6000 
feet. 


For Surface 
Speed of 7000, 


For Surface 
Speed of 1000 
Toot. 





Revolutions 
per minute. 


Revolutions 
per minute, 


Revolutions 
per minute, 


Revolutions 
Per minute, 





19098 
9549 
6366 
ATTS 
3819 
3188 
2728 
2387 
1909 
1591 
1364 
1193 








22918 
11459 
7639 
5729 
4583 
3819 
3274 
2864 
2291 


1909 





80557 
15278 
10185 
7639 
6111 
5092 
4365 
3819 
3055 
246 
2182 
1909 
1697 
1527 
1388 
1278 
1018 
B48 
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THE LATHE. 

The lathe, as is well known, is the principal machine 
tool of today. But the lathe has in the last few years 
undergone many improvements and transformations, thus 
widening its seope and very greatly extending and expedit- 
ing its operations. The screw machine and the current 
lathe are but one form of lathes designed to produce cer- 
tain classes of work more rapidly and with a minimum 
amount of skill in the operator. 

The simplest form of lathe consists of a bed or shears, 
earrying « head stock for driving the work and a tailstock 
or footstock for supporting the work at the other end. The 
headstock is secured firmly to the shears, while the tail- 
stock is made movable along it so that it may be moved 
up until the dead center meets the end of the work which 
is supported at the driving end by the live center. 

Erecting Lathes. Erect the lathe on a good floor. - It is 
essential that the floor be free from vibrations, and stiff 
enough so that it will not give under the weight of the 
lathe. Where possible a stone or concrete foundation will 
answer the purpose much better. When levelling use only 
solid packing under the legs. Level the bed in both direc- 
tions, using an accurate level. It is most important to have 
the level show the same when placed across the shears at 
both the head and tail end of bed. If the level is not long 
enough to reach across the shears, place it on a good paral- 
lel strip. For accurate work it is imperative that the bed 
should have no twist in it. Attention and eare in this re- 
gard will inerease the life of the lathe fifty per cent, also 
enabling it to turn out much more accurate and better 
work, 

Place the countershaft over the lathe, when necessary 


.— —E 
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it ean vary eighteen inches front or back of the conter line. 
Have the hanger journals In line with the Hne shaft, and 
when the hangers are securely tightened, the countershaft 
should revolve freely. Placo the thrust collars so that the 
shaft has one-eighth of an inch end play, The clutch pul- 
leys should havo one-sixteenth of an inch ond play on bush. 
Place the pulley for the slow speed to the left when stand- 
ing in front of, and facing, the lathe. Both driving pul- 
Jeyx should run in the same direction, This will double 
the spindle speeds, also give a quick speed change for 
roughing and finishing work without shifting the belt. 

Clean the lathe carefully, and oi! both the lathe and the 
countershaft thorougly. The countershaft pulley bushing 
can be oiled without throwing off the belt, and should be 
attended to at least once a month. The lathe should ran 
irty minutes under careful inspection to see that all parts 
are oiled and run properly. 

Antomatic Feed Turret Lathe, The machine shown in 
Fig. 261 will take bar stock up to 3% inches in diameter 
which can be fed through the automatic chuck. The travel 
of tho turret slide is 14 inches. The swing over the bed 
in 20 inches, : 

The Head and Bed are cast im one piece, insuring the 
greatest strength and rigidity, The eone has three steps, is 
geared 185 to 1 and back-geared 7.44 to 1, the back gears 
being engaged and disengaged by friction elutches. 

‘The automatic chuck and the power roller feed handle 
bar stock of any shape. The ebuek is operated by the 
long lever in front of the head, and the same lever also 
engages and disongages the roller feed. The chuck jaws are 
adjustable for any diameter from actual size to 1-16 inch 
smaller. One set of chuck jawe, and an outer stock sup: 
port, accompany the machine. 

The turret saddle is provided with a supplementary 
taper base, by meane of whieh the center of the tool-boles 





MACHINE SHOP PRACTICE 





Pig, 201, 


MACIIINE TOOLS 335 


in the turret ean be adjusted to the exact height of the 
center of the spindle. Taper gibs, fitted the whole length 
of the saddle on each side, provide means of adjusting the 
slide sideways. The turret slide is equipped with a geared 
automatie feed, with four ehanges in either direetion. 

The turret is hexagon in form, has six tool-holes 21 
cnehes in diameter, and also bolt holes for attaching tools 
to the faces, It ix so arranged that stock of any diameter 
smaller than the toul-holes ean pass entirely through. The 
index is nearly the full diameter of the turret, and the 
lock bolt is placed directly under the working tool. In- 
dependent adjustable stops are provided for each of the 
faces, 

The carriage has a geared antomatie cross feed with four 
changes in either directions, and hand longitudinal feed. A 
tool post for holding forming and turning tools, and a 
eutting-off tool holder are provided. 

The geared feeds insure a positive drive, and any one of 
the changes is instantly available by moving a lever. The 
turret and carriage feeds are independent of each other and 
woth are provided with adjustable automatic trips. 

The geared pump delivers a copious flow of oil to the 
cutting tools for both the turret and carriage, through 
two systems of piping. It operates when running in either 
direction, 

Back-Geared Lathe. In the lathe shown in Fig. 262 the 
spindle is made of 30 point carbon high grade erueible 
steel and runs in babbitt bearings. The hole in the spindle 
is 1 15-16 of one inch in diameter. The spindle nose is 
314 inches in diameter, with 4 threads per inch. The front 
spindle bea hy 7 inches. The cone has 5 steps 
ranging from 5's to 15 inehes, for a 3-ineh belt, The back 
gear ratio is 141, to 1. 

The headstock is massive, double-webbed its entire length, 
and not weakened to make room for the reverse plate. Am- 
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ple oiling facilities are provided and oil-holes have dust- 
proof covers. The front end of the tailstock barrel is re- 
enforeed to withstand heavy strains, it has a No. 4 Morae 
taper in a spindle, and the set-over is graduated, 

‘The apron is arranged so that it is impossible to throw 
in the rod and serew-feed at the same time. The rack- 
pinion can be thrown out of mesh with the rack, s0 that 
when chasing there is no resistance or friction of any mov- 
ing part in the apron. All the feeds are reversed in the 
apron. 

Threads can be cut from 2 to 24 per inch, ineluding 11% 
pipe thread, A chasing dial for catching the threads is 
provided, and threads ean be cut without stopping the lathe 
‘or reversing the lead screw. 

The geared-feed is positive, all the feeds are obtained 
within the range of modern practice. There are also 3 belt 
feeds, ranging from .02 to .070 euts per ineh. 

Tho countershaft has double friction pulleys, 14 and 16 
in. diameter for a 4% inch belt. Both belts should ran 
forward as no backing belt is required. Spood of counter- 
shaft is 125 and 160 revolutions per minute. 

The lathe is made with either plain vlock or compound 
rest. A taper attachment, a turret on the shear, or a tur- 
ret on the carriage can be furnished if desired. 

Combination Turret Lathe. Figure 263 shows a 25-inch 
combination turret lathe. Thie is said to make am ideal 
manufacturer’s Inthe. It possesses ull the quick speed and 
feed changes that are so important for the ceonomical up- 
to-date production of work. With the triple friction eoun- 
tershaft nine changes of speed are obtained without shift- 
ing the belt. The hend is geared 16 to 1, so that it hos 
enormons power for facing und sealing cuts. 

‘The cone ix arranged for a 4-inch belt, the smallest step 
is 12 inches diameter, thus securing at all times a good 
belt speed. This power is inereased by a double friction 
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back ge: The feeds are positive, four quick changes 
being made by a lever, these ean be varied by change 
gears to suit all classes of work. The turret and car- 
riage foeds are independent of each other so that the eor- 
rect feed can be used on a boring and tarning operation at 
the same time. The turret can also be eonneeted to the ear- 
riage and u feed obtained with the lead screw for a posi- 
tive lead in tapping, The carriage ix furnished with our 
turret tool post, carrying four independent tools, 


Bench Lathe, For small or fine work the beneh lathe 











ig, 204 


shown in Fig, 264 will bo found a vory nsofal adjunct even 
to a well equipped machine shop. 

Double Headed Manufacturer’s Lathe. ‘The lathe shown 
in Fig. 265 was designed for finishing work held by a face 
plate or chuck. i] stocks can be furnished for work 
which requires center Tt is especially adapted for manu- 
facturing a Inrge number of duplicate parts as it enables 
‘oné operator to rus two spindles. Tt is furnished with an 
automatic longitudinal and crass feod, the speeds and foods 
for each bend being independent. All feeds are reversed 
in the apron and are driven by a belt, the belt being kept 
at proper tension by belt tightencrs, 
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Fourteon-Inch Lathe. A fourteen-inch lathe is shown in 
Fig. 266. The dle is made from a erueible steel forg- 
ing and has a 15-16 inch hole through it, The cone pulley 
has five sections, the largest of which is 91% inches dia- 
meter for a 2 inch belt. The spindle bearings in the head 
stock are of cust iron lined with genuine babbitt metal. 












Fig, 206, 
Tt is furnished with an elevating rest, or with a plain 
rest. It can be furnished with a compound rest also taper 
attachment is furnished when wanted with cither style of 


reat. 

Power cross feed is furnished with either style of rest. 
Tndependent rod and patent friction feed. Combined gear 
and belt feeds aro furnished, also automatic stop motion 
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in connection with either gear or belt feed. The lathe is 
so arranged that the lower feed cone can be swung around 
to tighten the feed belt, at the convenience of the operator. 
There are six belt feeds ranging from 40 to 140 inclusive, 
When the geared feed js wanted the belt ean be removed 
and the feed rod connected with the intermediate gear, 
then by changing the gears on the feed stud of the head 
‘stock, feeds can be obtained from 13 to 150, inclusive. 

Tt has a steel rack and pinion for moving the carriage. 
The back gear can be drawn out of the rack, thus pro- 
venting wear on these parts when not reqnired in eerew 
cutting and other similar work. The steel leading serew 
is of 5 piteh, with open and abut unt, It eats threads 3, 4, 
5, 6, 7, 8, 9, 10, 11, 11%, 12, 13, 14, 15, 16, 18, 20, 22, 
24, 26, 28, 30, 32 and 36 per inch. 

‘The countershaft is furnished with friction pulleys 10 
inches diameter for 2¥g ineh bell, and should make 150 vev- 
olntions per minute. The pulleys ean be oiled while rune 
ning, thereby saving loss of time, danger and annoyance in 
running off the belts, which is an important item where « 
number of Jathes re in use, The countershaft has self 
oiling hangers, 

Motor-Driven Lathe, The claims made for a direct 
eloctrie motor drive are: Greater efficiency of the tool ow- 
ing to a more powerful drive and correct cutting speed— 
doing away with the line shaft, countershafts, belts, cte., 
thus avoiding the dirt and grime which always follows the 
belt and darkens the shop—the facility for placing the tools, 
not having to depend on any special location for the drive 
—the clasticity of the whole arrangement for adding new 
tools, properly grouping them and changing when neces- 
sary, Also the fact that when the machine is not in use 
no power is being consumed, but the tools ure always ready 
for work in case of an emergeney or overtime without 
running a long line of shafting and conutershafts, 
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A varisble speed motor, with an electrical speed range 
ef about three to one as shown in Fig. 267 is used. Whetber 
this variable speed is obtained by multiple voltage or field 






Fig, 207. 


control, the results prove sutisfactory, This range is thea 
multiplied mechanically to enit the tool. 
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The multiple voltage ix based on well known principles; 
two or more different voltages are supplied to the armature 
‘of the motor from whieh speeds proportional to these vole 
tages result, These speeds are then divided by fleld rego- 
lation giving the greatest range of any system. With the 
Aleld control motor one voltage only is required, the entire 
speed range being obtained by changing the field. ‘This 
form of control ean therefore be used where power is ob- 
tained from an outside souree, or when only one vollage is 
available, Where multiple voltage is used special arrange- 
ments are necessary in the power plant to obtain two or 
more voltages, 

With the belt drive it has been thoroughly demonstrated 
that from 45 to 75 per cent of the entire power generated 
ig used by the transmigsion machinery, in very few in- 
stances is there more than 45 per cent used by the machine 
tool. With direct motor drive, from 70 to 80 per cent of 
the power generated is delivered at the machine, With any 
standard make of motor a range of speed changes can be 
obtained, increasing at n rate of about 10 per cent, while 
with the cone pulley, as at present ased on most lathes, the 
increase ranges from 30 to 50 per cent, Having the proper 
speed for the work will therefore greatly inerense the 
capacity of the tool, 

Motor-Driven Turret Lathe. The drawing shown in Fig, 
268 shows a 2l-inch Turret Lathe arrangéd for a motor 
drive with field control, The motor has a speed range of 
3 to 1, the power being transmitted from the motor spin- 
dle to the gear quill with a silent chain, the field control 
giving 14 speed changes. These speeds can be transferred 
direet to the spindle by the lever shown on the friction 
head, or multiplied twieo by the second lever whieh con- 
trols the double friction back-guar, giving 3 mechanical 
changes, and a total number of 42 spindle speeds, ranging 
from 8 to 382, Thi lathe can be stopped independently of 
the motor, s 
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Pattern Maker’s Lathe, ‘The lathe shown in Fig, 269 is 
carefully fitted up the same as an iron-working machi 
Tr lias adjustable bearings, iron stop cone, carriage with 
yack and pision movement, and eross carriage operated by 
a screw and handle. Automatic feeds ean be supplied to 
the carriuge whon desired. 

The head spindle extends through the outer end of the 
headstock, and is provided with a Inno faco plate for 
turning work larger than the swing of the lathe. On the 
larger sizes the head swivels for obtaining the draft on pat- 
terns, 












Fig. 260. 


‘The countershatt is equipped with frietion eluteh pulleys. 
one large and one quite small, a large range of 
speeds, Tho athe is carefully balanced so that it will 
nin at very high speeds without vibration. 

Plain Turret Lathe. The 16-inch turret lathe shown 
in Fig, 270 iz designed to perform the simpler operations 
of chucking. For all work which does not require a ear- 
ringe or secondary tool on the slide, it will be found very 
useful. ‘The turret Is strong enough to carry heavy tae- 
ing tools, the spindles are heavy and provided with a large 
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could be done and which required 

quick feed changes are obtained in the simplest possible 
manuer and so that there will be no undue friction, The 
device contains the minimum amount of parts, thus requir- 
ing the least amount of care and assures long life to the 
lathe. 

The gear change feed box is provided with ample oiling 
facilities, the bearings are of proportions, and the entire 
range of feeds ean be obtained without stopping the lathe 
or removing a single gear. 

The special features of this quick change lathe are: 

There are no splined shafts, nor gears with key-ways, 
sliding or running on the shaft. 

Neither the hear nor bed is weakened by slots cast or 
cut in them, 

There are no shafts in torsion, the power being trans- 
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d entirely by the gears, the shafts simply act as bear- 
sand are not used for transmission. 

whe locking pin is arranged so it does not over-hang but 
~muoets the sleeve directly to the case, and when addi- 

onal frietion is necessary, the whole can be locked to- 

ther, 

‘The genr box is made so that it is impossible to mesh the 

=< on the corners, in other words the gears cannot be 
m into mesh until exactly in the proper position 
setudinally. 

The handle at the bottom which, when placed in a central 

ition, allows the feed works from that point to remain 

4 so the gears can be changed at the highest speed 

Vout injury, the lower handle can then be thrown which 
heet the feed works to the gear box, 

athe box is designed so that the epeed of the feed gears 

inversely proportioned to the threads to be cut, it being 

harder on the gear box to chase four than forty threads 
ineh. 

No compound gearing used between the spindle and the 
feed box, loss of power, exeessive strain and friction gen- 
erated by compound gears used in other devices of this 
kind is thus avoided. 

The gears are exceedingly strong with wide face and 
heavy piteh, and those which mesh by throwing them in on 
the teeth, are of steel. 

This lathe is made with an independent feed rod, so that 
splining the serew is not necessary and when the lathe ix 
used for turning, the lead screw remains stationary. 

The gear box is so arranged that if necessary, any 
thread not on the index plate can be chased by using a 
change gear as on an ordinary lathe. 

All the feed works are easily accessible, no other part of 
the lathe has to be removed to get at them, 
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Quick Change Gear Engine Lathe. Fig. 
Instantaneous Change Gear Engine Lathe, with three step 
one and double back gear, upon which forty ehanges of 
feeds and screw cutting may be obtained, without dupli- 
cation, a8 shown in the index, This lathe has reverse feed 
in the head for both feeds and gerew eniting, also m ro= 
verse in the apron for feed and power cross feed. The 
mechanism is so arranged that the longitudinal and cross 
feed cannot be engaged when eutting screws. 

Quick Change Gear 18-inch Lathe, Fiy. 273 shows an 
18-inch Lathe, with instantanéous change gear device, with 
whieh forty changes of feeds and serew cutting may be 
obtained, without duplication. This lathe embodies all the 
well known features of standard lathes, having a reverse 
feed in the head for both feeds and screw entting, also a 
reverse in the apron for feeds, the power cross feed is so 
arranged that cross feed and length feed may be operated 
at the same time. Provisions have been made so that 
longitudinal and cross feod cannot be engaged when ent- 
ting serews, 

Speed Lathe. The Inthe shown in Fig. 274 ix just the 
thing for manual training and technical schools, and is a 
simple, strong machine with many advantages. 

‘The bearings are self-vill i dixt-proof, Dirt eannot 
possibly got to the spindle, oven in the act of oiling every 
three months or so, as oil is put in below it. 

The advantage of this occasional oiling, and the assur- 
ance that lubrication {s sufficient at all times, will be ap- 
preciated by those especially to whose care the machines 
are intruated. 

‘The tailstock and tool-rest clamp rigidly by means of the 
levers on the front of the machine, 

Tool Maker’s Lathe. The too] makers lathe illustrated 
in Fig. 275 has the spindle made of 50 point earbon high 
grade crucible steel, and rans in boxes of Jaman bronze, 
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Pig, 274, 

The hole in the spindle is cleven-sixteenths of an inch 
diameter, The spindle noee ia 1% inches in diameter, with 
8 threads per inch. The front spindle benring is 1 7-16 
by 2% inches. The cone has 3 steps ranging from 3 to 6 
inches in diameter for 114 inch belt, The back gear ratio 
is 7% to 1. 

Tho headstock is mazeive, double-webbed its entire length, 
and not weakened to make room for the @ plate. 
Ample oiling facilities are provided, and oil-holes have 
dust-proof covers 

The front end of the tai 
withstand heavy strains, and has a ? 
spindle, and the set-over is graduated. 

The apron is arranged for serow and frietion food. The 
friction food is through a worm and worm gear whieh run 
in oil. A power cross feed is provided 

















tock barrel is re-enféreed to 
jo. 2 Morse taper in 
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Threads can be cnt from 6 to 40 per inch, including 
11%, pipe thread, 

The feed is positive and ig reversed fn the head. 

The countershaft has double friction pulleys, 6 inches 
in diameter for a 2-inch belt, and should run 160 and 220 
revolutions per minute. Foot power can be furnished if 
desired, 








Fra. 275, 


The lathe is made with oither plain block, compound, or 
rise and fall rest. 

Universal Turret Lathe, In all sizos of the machine 
shown in Fig. 276 the hed, pan and headstock are made in 
a single casting, thus greatly increasing rigidity, without 
corresponding increase of weight, and throngh this feature 
alone making greater accuracy possible by preventing any 
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spring aud movement of parts upon cach other under 
strain, 

In these lathes the spindle construction has reeeived spe~ 
cial consideration, and in it have beeu incorporated refine- 
ments in the direction of aceuracy heretofore used only in 
the highest grade of toolmakers’ lathes and precision tools. 
‘The spindle is not only ground externally where it runs in 
bearings, but in the end of it is a hardened tool-steel liner 
forced into place, and after the spindle is mounted in its 
bearings, the nosepiece is ground internally and externally, 
the closer for the chuck jaws is also hardened and ground, 
as likewise aro the chuck jaws or collets themselves, thus 
ensuring perfect coneentricity of spindle and all parts ear- 
fied by same. The removal of the nosepiece for the pur- 
pose of mounting a large ehuek on the spindle does not in 
any way disturb the adjustment of the regular automatic 
ehuek as it doca in some other turret lathes. 

In the closing operation the immovability of the ehuek 
is another characteristic and partienlarly valuable feature 
where second operations are required, as the stock is not 
moved lengthwiss. This feature makes possible the ad- 
‘Fantageous use of split step chucks, and these are the only 
turret lathes on whieh such attechments can be employed, 
aside from the bench or watchmakers’ lathes on whieh tr 
rets are Sometimes employod whore extreme acearacy in a 
turret machine ix required. 

‘A very efficient power rod feed is sed on these Turret 
le on smaller machines an improved type of 
ix employed. 

red feed hns many advantages. It does not 
it handles squares and hexagons ag easily 
no delicate parts to get out of ad- 










. 276 above shows the rod feed 
Lathe. The easier is not shown, 
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be end of the steep pitch screw which traverses it can 
ween at the left of the illustration. This screw is at- 
sd to a clutch placed between two gears which yun in 
site direetions, 
-vhen the chuek-jaws are opened, the clutch is thrown 
and the stock is traversed up to the stock-stop. The 
th is automatically thrown out by a very simple device: 
4 the stock touches the stock-stop the carrier tends to 
the steep pitch serew away from the lathe and as this 
w is attached to the clutch it pulls the clutch put of 
act. A handle is provided for reversing the screw when 
ecomes neeessary ta run tho carrier back for a new 


© improved lever vod feed used on the turret Jathes 
es about double the feed of rod to a given movement 
he lever than was forrerly possible with this type of 
= feed. 
e machines are furnished with a follower bar which 
es short pieces of stock to be as conveniently handled 
as long bars and at the same time serves to keep such 
pieces concentric with the spindle. This arrangement is 
much preferable to tubes placed within the spindle for 
roughly centering small and short pieces of bar, and feed- 
ing this erop end through by hand, or pushing it with a 
long bar. 

For gauging the length of stock delivered by the rod feed 
on the machines, an auxiliary stop is provided on the head- 
stock. This stop when not in use is swung upwards out 
the way of the operator and the turret tools. It is stiff 
and allows no chance for variation when once set to a 
given length. Fine adjustment for position of stop is made 
by a fitting at the outer end. 

On these machines the cross-slide is operated by lever 
with pinion and rack, and by serew with hand-wheel, the 
change from one to the other method being made in a 
moment by the operator. 
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‘The Automatic Turret, The automatie Turret shown in 
Fig. 277 has as few parts as possible in its construction and 
eun be fitted to any make of lathe from 12 ineh to 30 inch 
swing. 

The turret block revelves antomatically, and when the 
top slide is flush with the boltom it can be revolved by 
hand, and any tool can be rapidly brought in position for 
work, Wear between the turret block and stem is taken 
up by an adjustable taper bush. The indexing ring is of 
large diameter, made of tool steel hardened and ground, 
us is also the locking plinger, which takes a bearing on 
both sides of the locking ring. The locking planger auto- 
matically adjusts itself for wes ‘The top slide is square- 
gibbed, and is adjusted with a taper gib. The turret is 
firmly elamped in any position on the bed by two eecontric 
clamps apernted hy a wrench from the front, 
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‘The power feed is positive, and is engaged by a lover at 
the front of the turret, and ean be tripped to a line in 
any position by an adjustable stop, The feed belt on the 
smaller sizes can be made endless, a8 it is always kept at 
the proper tension by a swinging belt-tightener, The larger 
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sizes are driven by a silent chain, and moans ara provided 
for obtaining quick changes of feed through gears by a 
lever at the front of the lathe. 


Block Rost with Chasing Stop. 

Fig. 278 shows one of the plainest and most solld forms 

of rest, and for plain hard work there is nothing better. 

The tool post, rings and wedges are made of machinory 

steel and case-hardened, Adjustable taper yibs are used for 
taking up the wear on all sliding surfaces, 


Compound Rest. 


Fig, 279 shows a compound rest, The swivel is gradu- 
ated to 180 degrees and is invaluable for turning angular 
work or boring taper holes The top slide serew is gradue 





Pig 279, 


ated to thousandths of one inch for chasing, The tool post, 
rines and wedges are made of mnehinory stecl and case- 
hardened, Adjustable taper gibs are used for taking np 
the wear on all sliding surfaces, 

Full Swing Rest. ‘The rest shown in Fig. 280 is to be 
clamped on the carriage, and, as the name implies, it can 
be used for turning the full swing ¢2 the Inthe. It is also 








il 
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invaluable when used in connection with the regular rest, 
For instance, two steps of a cone pulley can be turned at 





Piz. 280, 


once by using both rests at the same time, Two tools can 
also be used in roughing. 

Interchangeable Turret. Figure 281 shows an engine 
lathe fitted with o Turret on the Carriage, The combina- 
tion produces an oxeollent chucking lathe, They are aecu- 





Mig. 281. 


rately and substantially made and will index to the one- 
thousandth part of an inch, The locking ring ond pin 
are made of tool steel, hardened and ground. The locking 
pin hus a bearing on both sides of the locking ring. The 
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center stud is tapering and fitted with a bushing so that 
all wear between the atud and taper ean be adjusted, Tur 
fets arranged in this way have all the feeds of the engine 
lathe, sueh as the power cross feed for sealing off work, 
the length and serew foods tor boring, reaming and tapping. 
They ean be used for facing, and the larger sixes will han- 
dle box or forming tools to advantage. 

There is a substantial stop at the rear of the turret to 
always bring it to the correct central position, ‘This éan 





be turned ont of the way whe using the compound rest. 

Lathe Apron. The apron shown in Fig, 282 is of a 
geared type, doing away with worm and worm wheels All 
the feeds are reversed in the apron, and arrangements are 





Pig 238. 
made for dropping the rack pinion when chasing long 
serews, There is olso n device for preventing the simal- 
taneous engagement of the rod and serew feeds, All gears 
inthe apron are cat from the solid, the bevel gears and 
pinions are eut from steel, All the studs are hardened and 
ground. On the larger sizes a special bracket is used to 
support tho mck pinion stud at its outer end, ‘The longi- 
tndinal and cross feeds are both automatic. The cross 
feeds are graduated to the one-thousandth part ef an inch, 
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Reverse Plate. The reverse plate on the Inthe shown in 
Fig, 283 is located on the oatside so that the head does 
not have to be cored. The gears ean be easily oiled, and 
are always in position when required for cutting left hand 
threads, ‘The change gears on both the stad and the lead 





Fig, 289, 
serew ean be changed, and are so arranged that very few 
are required on the stud. On these Inthes most 
threads ean be chased by simply changing the gear on the 
lead serew, 

Taper Attachment, Figure 234 shows a taper turni 
attachment with a compound reat. 

This taper attachment is strong and stiff, and attnched to 
the rest complete in itself. It can be used at any desired 
place on the lathe, and is secured in position by simply 
tightening the screw shown on the arm attached to the bed, 
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Boring or turning to any doesixed taper ean be accom- 
plished with this taper attachment, up to $ inches to the 
foot, and it docs not admit of lost motion, 

This taper attachment can be furnished with « lathe as 





Wig. 284, 
follows, with plain rest and power eross feed on any engine 
Tnthes from 12 to 30 inch swing, inclusive. 

With compound rest and power cross feed on any engine 
Tathes from 12 to 30 inch swing, inclusive, 

With elevating rest and power cross feed on 14 and 15 
inch swing engine lathes. 

With elevating rest, 
but without power 
cross feed, on 12 inch 
swing engine lathes. 

With either plain 
rest or olevating rest 
on 14 or 16 inch stud 
and bolt lathes, 
‘Throad Chasing Dial. 

Some Iathes are 

Fig 256. furnished with a chase 
{ng dial aa shown in Fig. 285 with which all thread can 
be cut without stopping the lathe or reversing the lead 
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screw, No backing belt is required with this device, both 
belts can be run forward, giving a greater number of 
Spindle speeds. With this chasing dial all even threads ean 
be eut by engaging the lead serew with any line on the 
dial, all odd threads, such as 7, 9, 11, ete. on the long Hines 
only. ‘This little devieo is said to effect a saving of 33 
per cent in the time of chasing screws. 





Pig. 286, 


Three Tool Shafting Rest, The Three Tool Shafting 
Rest shown in Fig. 286 is mado in two sizes for 24-ineh 
and 30-inch lathes, It ix arranged for flooding the work 
with water, and ean be furnished with a pump if desired, 
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Fig. 258. 


Tool-Posts, Four styles of towl-postessre shown in Figs, 
7 and 284, ‘The drawings show si onstruction 
no further explanation a ry. 
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ent off the swaller work, is not so well supported by the 
metal behind it as is the metal being cut off the larger 
work, and, in consequence, places less strain upou the tool 
point, as illustrated in Pigs. 289 and 200. 
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that to produce work as nearly eylindrieal as possible it is 
absolutely necessary, either to have the tool-post A as near 





Fig. 292. 
the work as possible, or else to have the top of the tool 
post as short a vertical distanee from the horizontal center 
line T of the work as ean be had. The facing or side 





THE LATHE a71 


tool shown in Fig. 293 mainly used for squaring np the 
ends of shafting or the sides of collars and washers, The 
point A of the cutting edge should be level with the eon 





Fig. 208, 





ter C which supports the work D and be set at an angle of 
about 30 degrees with the horizontal conter line for 
wrought iron and steel and level if used for brass or east 
iron. 

If a lathe tool be supposed to be turning down or re 








jel yor) | as \ 
Fig. 294. 


tool will be changed and will continue to change as long 
as the work is being reduced in diameter. The only way 
therefore to obtain an equal clearance from the cut, would 
be to give the tool a different angle for each variation in 
diameter. Fig. 294 shows how much the shape of the too] 
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would be affected by cach variation in diameter. The tool 


in each position has a clearance of 5 degrees from the 
face of the work at the point A. In position 1 the tool 


Left-hand Side Tool... 


Right-hand side Tool.. 


Right-hand Bent Tool... 


Right-hand Diamond Point... 


Left-hand Diamond Point 
Round-noso Tool. 

Catting-off TOO] sins mninen 
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Boring Tool 0.00 
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AN 





Pig. 206, 


stands at SY degrees with a right angle line drawn from 
the point A. In position 2 it stands at 10% degrees and 
in position 3 at 15 degrees from the point A. A special 
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set of lathe tools are illustrated in Fig. 295 und their re- 
spective nies designated below: 


1—Left hand side cutting tool, 
2-Side tool for heavy ronghing. 
3—Left hand side facing tool. 
4—Front cutting tool for brass. 
5—Right bund side tool for brass, 
6—Right hand tool for boring. 
7—Right hand tool for heavy boring. 
8—Ronund nosed tool for iron or steel. 
9—Cutting-of tool for small work. 
10—Deep cutting-off tool for large work. 


A standard or regular set of Inthe tools is shown in Fig, 
206, the drawing is self explanatory, 


Je 


lathe use are Hlustrated in 
heavy cut in wronght iron. 
when the work is somg 









containing two threads in one ineh, What must be the 
ratio of the gears to be used? 


Answer: 5-+2=-2.5, the ratio they must bear to each 
other, 

Then if a pinion of 40 teeth be upon the lathe spindle, 
40<2.5=100 teeth or the number required for the gear on 
the end of the lead screw. 





Serews of a greater degree of fineness than about 8 
threads in one inch, are more conveniently cut by an addi- 
tional gear and pinion, beeause the proper degree of 
velocity is more effectively attained thereby. These addi- 
tional gears on account of revolving upon a stud, are 
usually called the stud gear and pinion, but the method of 
calculation and ratio of serew are the same as in the pre- 
ceding example, and all’ that is further necessary is to de- 
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3 years, ax those for the spindle and stud- 
gears, then multiply the number of teeth in the spindle 
gear by the ratio of the serew, and by he number of teeth 
in that gear or pinion which is in contact with the gear 
on the end of the xerew. Divide the produet by the num- 
ber of teeth in the stud-year in contact with the spindle- 
gear, and the quotient ix the number of teeth required in 
the gear on the end of the leading serew, 


Example: A screw is required to be cut with 25 threads 
in one inch, the leading screw as before, having 2 threads 
in ono inch, A gear of 60 teeth is used upon the end of 
the lathe spindle 20 teeth for the pinion in contact with 
the last serew gear, and 100 tecth for the pinion in contact 
with the gear on the end of the lathe spindle. Required 
the number of teeth in the gear for the end of the leading 
screw, 


cide upon any 























and (G0><12.5>20)--100—150 





Or if the spindle and lend serew gear to be those fixed 
upon, or any one of the stud-gears to find the number of 
teeth in the other gear, then (805¢19.5)+-(150>¢100 )=20 
tooth, or (603<12.5><20)+-100—100 tooth, 








ll suit a lathe with a leading screw 
or 4 threads per inch, by doubling one 


of the driving gears or halving one of the driven gears, 
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To find the angle or rate that must be given to the nose 
of the tool in a screw-cutting lathe, so as to cut a square- 
thread screw without injury to the sides of the threads, 

Draw a right angle triangle the base of which equals half 
the pitch of the serew to be eut, and the perpendicular 
equals the diameter of the serew minus the double depth 
of the thread, The hypothenuse of the triangle, drawn 
from the end of the base to the end of the perpendicular, 
wives the angle or rake for the tool from a vertical line 
with the bed of tho lathe. 

Using the Center Gauge. The angles used an the ganges 
shown in Fig. 208 are 60 degrees for the U. S. Standard 
and Metrie Gauges, and 55 degrees for the Whiteworth or 





Fig. 298, 


Woglish Standard. The four divisions 14, 20, 24 and 32 
parts to the inch are useful in measuring the number of 
threads to the inch, The following parts to the inch ean 
be determined by them, vix.; 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 
16, 20, 24, 28 and 32, 

Tho table on the gange is used for determining the size 
of tap drills for sharp 60 degree V threads and shows in 
thonsandths of an inch the double depth of thread of tap 
and serews of the pitches most commonly used. This table 
is mado up by dividing 173%, the double depth of thread 
of a serew that is one pitch, by the number of threads of 
the various pitches shown, For instance, the decimal 433 
represents the double depth of the thread af a sexew that 
is 4 pitch, is obtained by dividing 1.732 by 4. Tn the aame 
manner the double depth of thread of pitehes not shown in 








aca at the bottoms ot the ‘dhicsid. ‘The tap drills nsed 
is, in common practice, one that is one or two gauge num- 
bers larger, for the smaller, or numbered sizes, and one 
that is about .005 inches larger for the larger sizes, The 
amount allowed for clearance varies in different shops and 
on different classes of work. 
Formula for United States Standard. 
1.299 


Diameter of Tap Drill = Diameter of Tap — Pitch 





Sharp V Threads. 
is t Tap — 1-782 
Diameter of Tap Drill = Diameter of Taj Pitch 


In Fig. 299 at A, is shown the manner of gauging tho 
angle to which a lathe centre should be turned. At B, 
the angle to which a screw thread cu:ting tool should be 
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ground, and at C, the correctness of the angle of a xerow 
thread already ext. 

The shaft with the serew thread on tt is supposed to be 
held between the centres of a lathe, By applying the 
Gauge as shown at D, or E, the thread tool ean bo sot-at 





right angles to the shaft and then fastened in place by tho 
xerew in the tool post, thereby avoiding any imperfect or 
leaning threads, 

At F and G, the manner of setting the tool for entting 
inside threads is illustrated. 

Work done on the Turret Lathe. The parts shown in 
Fig. 300 ore a few of the many that ean be made on an 
automatic turret Inthe, as shown in Fig. 270 

Tn practice, all pieces are made from a continuous bar 
and are machined as follows: A long bar of iron or steol 
is pushed through the spindle, until the piece projects be- 
yond the chuek long enongh to make the piece desired. 
varions tools on the turret are set for the different 
ond cuts, and after each performa its operation, 
Lont of the way to admit the next tool. Since 
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Fig 200. 
vols are set for the various diameters, it 
gives this machine a great advantage over the lathe where 
there fa bai one tool 


A nomber a 
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Erecting Milling Machines, Hreet the miller on a good 
floor, It is essential that the floor be free from vibrations 
and stiff coough so that it will not give under the weight 
of the miller. Where possible a stone or conerete fonnda- 
tion will answer the purpose much better. 

When leveling use only solid packing under the base. 
Level in both directions, using an aceurate level. See 
that the colums rests securely on all corners, 

Place the eountersbatt direetly over the miller, This is 
neeessary in order (o have the belt clear the overhanging 
arm support. Have the hanger journals in line with the 
Tine shaft, When the bangers are securely tightened the 
eountershaft should revolve freely. Place the thrust col- 
lars eo that the shaft has one-eighth inch end play. The 
on the bushing. This end play helps to distribute the oil. 
pulleys also should have oue-sixtecnth of an ineh end play 
Place the pulley for the slow speeds next to the driving 
cone, Both driving cones should ron in the same direction, 
this will double the spindle speeds, it also will give a quick 
change without shifting the belt. 

‘The countershaft pulleys can be oiled without throwing 
oft the belt, and should be oiled once a month. The hangers 
have self-ciling journals and the reservoir should be filled 
to the oil hole. The countershaft should be speeded ac 
cording to the diagram so that an intermediate change of 
speed hetween the cone changes is had. This gives the beat 
and greatest range. Care must be taken that the feed pulley 
Ts in the direction shown by the arrow on feed box, 

To oj] the machino observe the following rules: Use 
good mineral oil. Fill the spindle oi] chambers from the 












1 ck . il straight take e 

end of the spindle by a hardened steel and babbit collar, 
‘The wear on these collars will be in proportion to the wear 
on the spindle, and when adjusted back to fit the box will 
come to a proper bearing on the end thrust. 

To adjust the front journal, draw the spindle back into 
the box by tightening the nut. The nut is direetly on the 
spindle and draws the spindle back into the box. There 
should be a space between the nut and the hub of the gear. 

To adjust the rear journal, tighten the nut, this draws 
the taper bronze bushing back into the column, compressing 
it on the spindle. The adjustment of the spindle will not 
interfere with the alignment of the machine, 

Care should be taken that the nut is securely fastened 
after adjustment. The table gib is made tapering, and is 
supplied with a tongue at the lower edge to keep it from 
lifting, it is adjusted longitudinally by screws which se- 
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eurely lock it for ond movement. The gib being securely 
fastened cannot raise or move when the table is at the 
extreme position, By this method freer table movement 
ix secured, avoiding the eramp occasioned by the movement 
of the gib, To adjust the kuce and saddle gibs tighten the 
large filister head screws, 

Locking the movements is entisely independent of tho 
gib adjustment and is accomplished by the locking handle. 
Tn aeeurate work see that all movements not in nee are 
securely locked, this greatly stiffens the machine. Place the 
cutter as close to the body of the machine as possible, Use 
the braces and supports on the overhanging arm for heavy 
work, Two supports are usually furnished. If the euttors 
are used at the extreme end of a long arbor see that both 
supports are used, The brace can be set at cither side of the 
knee shoe, giving the maximum amount of cross movement 
when brace Is used. It can be bolted to either of the arbor 
supports, 

To remove the spindle from the machine take off the 
nut carrying the arbor extracting rod, wnacrew the inside 
nut, and this will foree the spindle out. Care should be 
taken of the last two or three thrends by tapping the end 
of the apindle with a piece of babbit or some soft metal 
so that the nut can be removed without foreing, When 
this nut ix cloar of the thread the spindle can be with- 
drawn from the machine, The nat must be raised to elear 
the spindle key. 

Use of Milling Machines. Oi! i used in milling to ob- 
tain smoother work, and to make the milling eutters Jast 
longer, and, where the nature of the work requires, to 
wash the ehips from the work or from the teeth of the 
cutters, It ix generally weed in milling a large number of 
pieces of steel, wronght iron, malleable iron or tongh bronze. 
When only a few pieces are to be milled it frequently is 
not used, and some steel castings are milled without oil, 
Tn cutting cast iron oil is not used. For light, fat euts it 
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is pat on the cutter with a brash, giving the work a thin 
covering like a varnish. For heavy ents it should be led 
to the mill from the drip ean, or it ghould be pumped upon 
or aeross the eutter in cutting deep grooves, in milling sey- 
cra] grooves at one time, or in milling any work where, 
if the ehipe should stick, they might eateh between the 
teeth and sides of the groove and serateh or bend the wor's. 

Generally lard oil is used in milling, but any animal or 
fish oils may be used. The oil may be separated from 
the chipa by a centrifugal separator, or by the wot process, 





80 that a large amount may be used with but little waste, 

Some mannfacturers prefer to mix mineral oil with lard- 
oil. 

There is a difference of opinion as to whether the work 
should be moved against the milling entter ux in Fig. 301. 
But in most cases experience shows it is best for the work 
to move against the milling cutter az shown, 

When it moves in this way the teeth of the eutter, in 
commencing their work, as goon a the hand surface or 
scale is one broken, are immediately brought in contact 
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with the softer metal, and when the seale is reached it is 
pried or broken off. Also wheh a piece moves in this way, 
the eutter cannot dig into the work as it is liable to do 
when the bed is moved in tho opposite direction. When a 
piece is on the side of # entter that is moving downwards, 
the piece should, as a rule, have a rigid support and be fed 
by raising the knee of the machine. 

Some work, however, is better milled by moving with the 
entler, To dr. both sides of a thick piece with a pair of 
Inrge straddle mills as shown in Fig. 302, it is better to 








Fig. 802. 


move the piece towards the ‘loft instead of the right as 
shown in Fig, 301, as the milling culters then tend to keep 
it down in place instead of lifting it, 

Machine, The following description in connection 
with the illustration shown at Fig, 303, will give the names 
vf the prneipal parts of x milling machine and their use: 

A ia the standard or column on which are attached the 
principal parts of the machine. 

B is the horn and carries the elevating screw which is 
used to raise and lower the table G. 

is the serew spindle of the transverse or eros: fred ad- 
justment for the table G, 
is the serew spindle with a mierometer attachment for 
raising and Iowering the table @, 
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E is the erank-handle connected with the quick-return 
longitudinal movemeint of the table, 

F is the housing which carries the bearings of the step 
cone pulleys and the back-gear. 





a 
Fig, 30% 


G is the table which carries the work. 
H is the overhanging arm, which is used to support the 
outer end of the horizontal spindle. 
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K is the universal dividing head with power feed. 

L. ig the foot-center or tail-stock. 

M is the lever for throwing the back-gears in und out of 
mesh. 

Automatic-feed Milling Machines. The journals of the 
machine shown in Fig. 304 are taper, self-oiling and self- 
adjusting, running in annular bearings, and capable of 
prolonged use without showing perceptible wear or need of 
alteration, and especially adapted to maintain true align- 
mont of the spindle, 

The front journal and theust eollar which runs loosely 
botween the faee of the bearing and spindle collar, 
are so proportioned in their combined bearing surfaces as 
to compensate cach other for what wear way take place, 
and, as they are properly adjusted anid tested befare leav- 
ing the factory, will call for little or no attention outside 
of occasional renewal of oil supply in oll pockets, 

The rear journal ix entirely independent of the spindle, 
and consists of a steel shell keyed to but sliding on tho 
same, Its adjustments are independent of those of the 
front journal, and readily allow for contraction and ex- 
pansion of spindle under ehanges af temperatures. 

Large oil pockets are molded in either housing directly 
under the bearings, in which the oiling rings are suspended. 
‘These rings revolve with the spindle and cause a constant 
flow of oil to the bearings aa long aa the apindle revolves. 
The oil pockets should be filled until the off shows in the 
oi] hole covers at the side of the bearings. 

The driving eone has four stops, and with the back gears 
provides eight changes of speed to the spindle, which may 
be doubled with the twe-apeed countershaft, The back 
geara are fully covered and protected. 

‘The upper housings earrying the overhanging arm are 
annular in form, the arm fitting the sleeves properly, 
clamping being effected by suitably shaped split bushings 
locked to the arm by means of the binding handles as 





a 
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shown in the ents, The use of the front binding handle 
alone is suMcient fo hold the as with binders loose 
there is no possibility of shake in either bearing. his wo 
Believe to be an important improvement over the common 
form of split shell for the housings, which when clamped 
ig liable to disturb the alignment of the arm with the hole 
in the spindle. 

The overhanging arm is amply proportioned in each sized 
machine so as to rigidly support the onter end of the ent- 
ter arbor when under a heavy cut. The machines are all 
fitted with the straight bar and removable pendant, a desir 
able feature where frequent changes to the vertical spindle 
or other attachments are necessary, All machines are fur~ 
nished with the supporting braces to knee, as shown in cuts, 

The means for supporting the cutter arbors are as fol- 
lows: An adjustable center, small bronze collet, and large 
shell bushing, furnishing a variety of supports, suitable for 
cach clase of milling, whether it be light, medium, or heavy, 

All the machines have their center distances located and 
bored through the back-gear arms, overhead arm and spin- 
le housings in a mill especially designed and constructed 
for this work, This mill supports and locates the body of 
the machine {rom ite finished column, and insures accurate 
right-angled alignment of all holes with the column, 

The saddles and ewivels are made liberal in size and 
weight, with long wings, giving extra length of bearing for 
the table, and increased support even when the table is 
used in ite extreme positions. 

‘The swivel carriage for universal machines, earrying the 
tuble, is graduated in degrees through an ave on its front 
surface, and, the feed of the table being actuated from the 
center, it can be set and used at any angle up to 45 de 
grees with the axis of the spindle. The earriage is firmly 
clamped to the saddle by means of three bolts working in 
'T slots and Links, placed well out from the eenter to afford 
the greatest rigidity, 
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The tables are vory deop and rigid with bearings on the 
shoulders of the saddle or earriage instead of the foot of 
the angles, This method carries the eupport well out from 
the center and prevents any tendency of the table to rock © 
when work is machined at or clear of the edge. The tables 
have oil ways, channels, and suitable T slots, and are fitted 
with draining cock, The tables furnished with plain ma- 
chines have a larger working capacity than thos of the 
universals. The saddle and table are fitted with « taper gib 
having an adjusting serew at cither end, making a positive 
lock for the gib when set. 

‘The elevating screws for kuee are made telescope. This 
double construction greatly strengthens the screw, overeom- 
ing any tendency in single serews to buckle when the knee 
is at its highest elevation, The telescopi¢ serew avoids the 
necessity of eutting through the floor as in the case of the 
ordinary type of single screw, to afford a means of escape 
when the knee is lowered to the capacity of the maehine. 

Ball thrusts are fitted to the elevating screws, thas re- 
dueing the labor of operating the serews to a minimum, at 
the same time greatly increasing their sensitivencss to ad- 
justments. 

‘The binding handles are in use at all necessary points, 
superseding the old method of clamping with bolts and 
wrenches. 

Dividing Head and Center. These form part of the regu- 
lor equipment supplied with all universal machines, as 
illustrated in Fig. 304. The body of this head consists of 
a substantial base with parallel, annular housings, a center 
block carrying the spindle, worm gear and worm, and the 
trunnion supporting plates for the block, These trunnions 
have a 360 degree bearing of large diameter in their hous- 
ings, and are recessed into the block on eiiher side, and 
permanently held if position when assembled with it by 
moans of dowel, Binding bolts for clamping head when in 
position pass clear through the trunnion plates, one below, 


302 MACHINE SHOP PRACTICE 


one ebove and one at the end of the spindle, whieh operate 
to bind the head in one compact whole with mo deflecting 
strains of any kind set ep in the head. ‘The fall circular 





Fig. 504 


shape of the bead affords means for a good length of 
spindle, which has taper journals at either end and am md- 
josting collar at rear. 

Motor-Driven Milling Machines. Fig. 505 represents @ 
Universal Milling Machine, This is a representative meq 
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chine, showing the general style and design of electrically 
driven millers, 
Experience has demonstrated that the most satisfactory 








Fig. 305, 


motor-iriven milling machine ia one ed hy a variable 
speed motor with an ra about three 
to one, This rango being i 
proper spindle speeds 












394 MACHINE SHOP PRACTICE 


ations are obtained by multiple or single voltage and field 
eontrol, the results prove equally satisfactory, The mul- 
tiple voltage is based on well known principles, two or 
more different voltages are supplied to the armature of tho 
motor from which speeds proportional to these voltages re= 
sult, These speeds are then divided by eld regulation, 
uiving the greatest range of any syatem. With the field eon- 
tro! motor one voltage only is required, the entire speed 
range being obtained by changing the field. This form of 
coutrol ean therefore be used where power is obtained from 
an outside sonree, or when only one voltage is available. 
‘The great advantage of an electrically driven machine is 
the fet that the speed range can be obtained by much 
smaller increments than it is possible to obtain a like range 
meehanieally. The machine thus driven by a variable speed 
motor greatly increases the available number of spindle 
speeds and also simplifies the meehanieal changes, and pro- 
cures for the operator the proper cutting speeds for all 
diameters of cutters, It is necessary with a variable speed 
motor to have mechanical changes in coanection with the 
oleetrical, the steps or intervals of these mechanical changes 
ary equal to the entire electrical speed rage of the motor, 
thus seeuring changes of speed in geametric progression, 
The three mechanical changes required, are obtained by 
a quill on the spindle which takes the place of the ordie 
nary cone. This quill being double back geared, gives one 
change when connected direct to the face goar and two 
more changes when back-geared. ‘The drive from the motor 
shaft to the quill is by a noiseless chain through a friction 
pinion, so that the frequent operations of starting and stop- 
ping the machine to test the work or for any other purpose 
are entirely mechanical and are performed without any in- 
terference with the electrical details With this arrange- 
ment all delay in stopping the eapidly ransing motor and 
the additional delay in again bringing up the speed is 
avoided—the operator eannot fail fo start the machine 
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again at the previous speed, The mechanical changes are 
thns covered by the speed range of the motor, a complete 
range of spindle speeds being obtained in geometrical pro- 
greasion with an average increase of not more thas 3 per 
cent, 

Motor-Driven Universal Millers, The machine shown in 
Figs, 306 and 307 represonts the most modern practice in 
milling machine design. Tt differs radically from the 








Vig, 206. 


standard machine in that it has @ gear instead of a belt- 
coue on the main spindle for speed changes, giving = 
groater range of spindle speeds, and the full range of feeds 
Is entirely independent of the spindle epéods. In this miller 
these results are accomplished in the following manner: 
What may be called the driving shaft carries the large 
flanged pulley on the outer end, and is driven either from 





ee 
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ordinary countershaft or from motor, w* shown in the out. 
Sliding om this driving shaft, inside the base or colamn is 
the regular form of bracket earrying the driving gear and 
intermediate, whieh may be moshed into any one of the 
six goars forming the cone on the spinile, and controlled 
by the guiding handle Gtted with = spring Intch, the 







Pie 307 
ig in the guiding slots and locking holes in the upper” 
all ‘of the opening, Six different and progressive direct 
spindle speeds are thus available, and, as the machine 3 
double back geared, a geries of cighteen different and 
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gressive spindle speeds is supplied, having w rang of 18 to 
370 revolutions per minute, 

‘The back gearing may be left constantly in mesh if pre- 
ferred, and when so set up it facilitates handling the entire 
range of speeds, as by menns of the two positive clutches, 
one of whieh is mounted direct on the spindle, the other on 
the back gear shaft, and both controlled by the two levers 
shown on the left side of the machine, one direct and twa 
back gear speeds are handled for every setting made in the 
cone of gears on the spi 

All gearing entering into this combination, excepting the 
large fate goar and large back gear, is mado of stool, The 
clutehes are mide of eruoible steel, and are hardened, 

‘The upper lever shown in Fig. 307, controls the out and 
in cluteh for the*back gear or direet drive, while tho peeve 
lever controls the fast and slow back gear combinal 

‘The band ‘heel attached fo the aver end ob ti spindle 
furnishes a convenient means for rolling the spindle over 
by hand, cither for entering gears or close setting to work. 

‘The feed shaft ix genred from the driving spindle with a 
chain and sprocket as shown in Fig, 308, and the whole 
sightood feed changes are available for each and every 
spindle “speed. 

The feed index plate gives the table travel in inches, 
running from 3% to 20 inches per minute. These spoodts 
apply practically to saddle and aN are 
automatic. 

‘The simple method of onaing: the motor makes it possi- 
ble to use any standard make of reversible motor in place 
of a It if so desired. 

The first office of the indexing bead 
is to divide the periphery of a piece 


























done on planer centres and on 
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necessary for a certain division of the work, or what is 
the same thing, for a certain division of a-revolution of 
the spindle, forty is divided by the number of the divisions 
which ave desired. Tho rule then, may be snid to bo, divide 
forty by the number of divisions to be made and the quo- 
tient will be the nusnber of turn, or the part of a turn, 
of the crunk, which will give each desired division, Apply- 
ing this rnlemto make forty divisions the crank would he 
completely around once to obtain each division, or to 
obtain twenty divisions it would be turned twiee. When, 
to obtain the necessary divisions, the crank hax to be 
turned only a part of the way around, an index plat 
shown in Fig, 309, is use For example: If the work is 
to be divided into eighty divisions the erank must be 
turned one-half way around, and an index plate with an 
even num 
ber of holes 
im one of 
the cireles 
woul! be 
selected, it 
being nece 
essary only 
to haye two 
holes oppo 
site to each 
other in the 
plate. It 
the work is 
to be divid- 
edinto three 
divisionsan 
index plate 
should be Fig 308. 

selected which has a circle with a number of holes that can be 
divided by three, as fifteen is divisible by 3, five times, 
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veniout for any reason, the back pin could usually be with- 
drawn first, and the movement described as the second 
eould be made first. In some instances aa in dividing the 
work into 174, 272 or 273 parte, the outer cirele is natur, 
ally used first, 

‘To obtain 7 divisions the figures are yy + yy = +a = 
#3 + vy = #4 = one division. 

‘The table gives the movements for absolute divisions of 
the work of nearly all numbers from 50 to 250. 





Tasie No, = xD pies: TABLE. 


Tndex Moves. [rear] Index dtovex, 


20-47 6-20 
1094 
S35 
6-21 
417 
10-43 
is Pes ate 29 


8-99 if 49 























Fig 12 


All the necessary movements are covtained im tf 
ment iteelf, thereby allowing the table of the 2 
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remain chimped iu one position during the cutting of the 
eam, 

Cams 12 inches in diameter con be ent with any throw 
up to 5 inches, 





Pig. 38 


Circular Milling Attachment. The altaehment shown in 
Fig. 312 i& new in design and is well adapted for uae upon 
milling machines in connection with a vertical spindle 
milling attackment, 







Pig. 14 
radially, this heing necessary in order to insure 


ting the correct form. It consists of a bed 
to the main bar, that earries a sliding table 
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Pig S18 
a pair of index centers, between which the work to be 
ground is beld, 

‘The Centres swing & 3-4 inches in diameter und tako 10 
1-2 inches in length, 

Tho Index Plate has 24 bole and can be turned by a 
worm or the worm can be disengaged and the plate tarned 
by band. 

Formed Cutters te S inches in diameter can be ground by 
the use of raising blocks. 
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Hight Speed Milling Attachment. A high speed milling 
attachment is shown in Fig, 314. By means of an internal 
gearing and a pinion it is geared up about 3 to 1. 

Lincoln Milling Machine. This machine (¥ig-815) ix rndi- 
cally different in construction to that of those in general 
use. The spindle is raised and lowered and the earriage 
has ony two movements, longitudinal and transverse, 

Geared Pump. The pump shown in Fig. 316 is princi- 
pally used on machines where the cutting tools operate 








Fig. 316. 


only in one direction, as milling machines, gear cutting 
machines, chucking machines, But, by running the pump 
independently, it can be nsed on machines that revorso. 

It ia simple in construction, the principal mechanism be- 
ing a pair of gears which run together in a tight ease. 

To obtain the best results the pump should be placed ax 
near as possible to the Iovel of the liqnid in the tank. 

Gear Cutting Attachment, The spindle of the machine 
shown in Fig, 317 is 254 inches in diameter, and is made 
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tapering to compensate for wear. “The muster wheel is 7 
inches in diameter with 40 divisions. With the small lever 
on the side the spindle can be seenrely locked in any posi- 
tion, relieving the index pin from all strain, The worm 





at the rear, This is 
The spindle is hollow 


a 
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and bored to No. 10 B. & S. taper. ‘Tail stock is adjustable 
for taper work, With index plates furnished all numbers 
to 60, the even numbers to 100, and most numbers to 366, 
can be divided. The tail stock is adjustable, the adjust~ 
ments being obtained by a serew so that it ean be set an 
curately and seenrely clumped in position. 





Pig. 918, 


Hand Milling Attachment. A ploin Milling Machine 
with a Rack Feed can he quickly changed by means of the 
attachment shown in Fig. 318 into a hand milling machine 
with or without an automatic longitudinal feed, 

‘An apron, placed on the outside-end of the knee, carries 
a lever attached to a segment of a gear which runs in a 
pinion placed over the end of the shaft that moves the 
table longitudinally, and this lever when moved turns the 
sbaft as the crank would if it were in position. 
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The attachment, with a knec, is clamped on the table and 
on this the fixtures for holding the work ean be fastened 
as on a hand milling machine. When brought to position 
the lever ean be hold by the elnteh in the holder, shown 
at the left of the drawing, which can be released by a 
lotch on the back of the lever, so that at the eame time 
that the kneo is returned to position the eateh is relensed 
without an extra movement, While the lever is held down, 
the feod can be thrown in und milling done as on a plain 
milling machine, 





Fig. 319. 

Plain Viso. Tho vise illustrated in Fig, 319 is provided 
with flanges for elamping them to the table of milling or 
planing machines, they are a very convenient and ox- 
tremely aseful toot. 

Quill Gear Cutting Attachment. The attachment shown 
in Fig. 320 fs for cating the «mall mombera of quill gears, 
us shown in the drawing, or other gears of similar eon- 
struction, 

They are easily and quickly placed in position or re- 
moved. 

The eutter spindle ix raised above the cutter spindle of 
the machine and 














provements that greatly coher 
eeptionally rigid and eonveniont, i 


The upper part of the frame is 
hanging arm, means being: 
ment to eompensnte for any variation 4 
tanee between arm and spindle. The | 
frame is clamped to the front of the 
vided with means for adjusting the 
with the tabl 

‘The cutter 
phosphor bronze boxes, The front box 
means of compensation for wear. Tt is emt 
erfully driven by the main spindle of the 
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to the column of the machine are formed, of one casting, 
making it yery rigid. The front pendant forms the eap 
for the head of the attachment to which it is firmly serow- 
ed and doweled. All the gearing ie made of stool, Tho 





ig. 221, 


shafts run in bronze bearings, and the cutter arbor bas 
taper journal at its head end. The movable jaw of the 
vise is made af steel. 

Universal vy Plain Millers, The Universal Miller shown 


a & 
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Pig. 222, 





in Fig. 323 is exactly the same as the Plain Miller shown 
in Fig, 324 exeept that provisions are made for swiveling 
the table and nutomatienlly rotating the universal head, 
‘They are especially useful in tool rooms, or where there ia 
a large variety of work. They ean perform every opera- 
tion of which a Plain Miller is capable, having, in addition 
to the parts of the Plain Miller the swivelling table and 
universal head with the means for rotating the head, giv- 
ing facilities for eutting spirals, notching worm wheola, ote, 

Universal machines are not as good as Plain Millers for 
manufacturing purposes, The swiveling feature makes one 
moro joint, and also lessens the vertieal range. The feeding 
mechanism hus to be brought up through the center of the 
swivel, thus restricting tho design, and consequently they 
ean not be made ag simple and substantial as a Plain Mil- 
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and pinion. The vertical adjustment by means of nuts 
on a vertical serew. 

The overhanging arm is of solid steel. 

Feed. Longitudinal, automatic, 15 inches. Can he ate 
tomatically released at any point, Four ehanges, varying 
from 15 inch to ,066 inch to one revolution of spindle, 





Wig. 924, 


Oil Tank. Provides for use of pump. 


Vise. Flanged, Jaws hardened, 64 inches wide, 1 9-16 
inch deep, open 3% inches. 
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Bench Milling Machine. A small bench hand miller is 
illustrated at Fig. 326, it has both vertical and horizontal 
spindles, and raising and lowering table with cross and 





Pig. 225 
Jongitudinal feeds, operated by hand levers, This will 
he found an extremely useful too! for milling key-ways, 
making small tools, ete. 


— 


418 MACHINE SHOP PRACTICE 





Fig, 5206. 

Vortical Spindle Milling Machine, The spindle of the 
machine shown in Fig is of crucible steel and the 
bearings ground, and with bronze boxes, The lower box 
is provided with means of ecmpensation for wear. 

The feeds are positive. All the spur gears ure driven 
by ehain ond have 20 changes, varying in goometrical pro- 
gression, from .0012 to .060 inches per revolution of the 
spindle, There are no loose change gears The changes 
are made by an adjustment of the index slide and lever. 

Blotting Attachment. The attachment illustrated in Fig. 
28 is new in design and is particularly well adapted for 
tool making of all kinds, as in forming box tools for serew 


machines, making templates and work of a similar charac- 
ter. 














It is simple in construction, there being no auxiliary 
fixtures or belting required for attaching it to the ma 
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part of the frame being clamped to the overhanging arm, 


Vig. 327. 
b shine. It is exceptionally rigid when in position, the upper 
and the lower part of the top of the knee slide. 
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The tool slide is driven from the main spindle of the 
machine by an adjustable erauk that allows the stroke to 
de adjusted. The slide can be set at any angle, between 
0 ta 10 degrees, on either side of the center line. ‘The 
position being indieated by a scale on the lower part of 
the frame. 





Pig. 328. 


The tool holder allows for the axe of tools with shanks 
¥4 inch in diameter. The tools are held in place by a clamp 
bolt and n tool stop that swings over the top of the tool 
shank and prevents any possibility of the tool being push- 
ed through. The holder is also provided with a key that 
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fits the key-ways in the shanks of the tools and insores 
their relative positions always being the same. 

When the attachment is in position both the longitudinal 
and transverse feeds of the machine are available and have 
dials that read te 001 of au inch. 





Fig 329. 


Swivel Viso. The vise shown in Fig, 320 is exceptional- 
ly rigid and convenient for milllng or planing. These vises 
are exceptionally low and bring the work close to the table, 
thus insuring rigidity and eompactnoss. 

Toolmaker's Universal Vise. The vise illustrated in Fig. 
330 is of an entirely new design, for use on milling mm 
ehines and is so constracted that it con be set at any angle 
to the surface of the table or to the spindle of the ma- 
chine, and rigidly elamped in position, 

The base is double, the upper portion is graduated, and 
ean be wet at any angle in a horizontal plane, On the top 
of the swivel base ix a hinged knee, whieh can be set at 
any angle, to 00 degrees, in a vertical plane. The top of 
the knee is graduated. Tho knoe Is clamped rigidly in posi- 
tion by means of the nut on the end of the bolt forming 
the hinge, and the locking levers shown at the left of the 
cut. These levers are elamped in position hy the bolt shown 
in the center and the bolts at the ends of the Jevers, 
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‘The yise proper is fastened to the hinged knee in ench a 
manner that it can be set at any angle on # horizontal 
plane, and can be clamped in position by the bolt which 
holds the upper locking lever, 








Fig. 380. 


The vise base is fastened to the table by means of two 
bolts fitting into the table ‘F-slo ne base is provided 
with two sets of holes to allow for moving the vise, when 
set in a vertieal plane, in order to clenr the milling ma- 
chine spindle. 

Universal Index Ocntera. The centers of the universal 
index shown in Pig, 331 wing 12 and one-half inebes in 
diameter, 

The head can be set at any angle from 10 degrees e- 
low the horizontal to 10 degrees’ beyond the perpendientar, 

The spindle is provided with w face plate ond adjastable 
dog carrier. The front end has a No. 12 taper hole. ‘The 
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straight hole at the end of the taper is one and one-half 
inches in diameter. 

The Worm Whool is 6, inchos in diameter, and one rer 
olution is made by 60 revolutions of index erank. 





The Foot-stock Center can be raised vertically and set at 
an angle in a vertical plane. 

Index Sector. Tho index erank ix adjustable, and the 
sector arms graduated. 

The Index Plates divide ali numbers to 100, all even 
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numbers to 134. The index table furnished gives al] the 
divigions obtainable to 872. 

The Table is provided with flanges, and is 32 inches 
long, 8 inches wide, and has 3 T-slots three-quarters of an 
ineh wide, 

The Center Rest will take work to 3 and one-eighth 
inches in diameter, 














Pig 338 
Milling Attachments. The attachment 
and 333 are used for # large ronge off 
“ting, die-sinking, T-slot eutting, 
stock, and work of « similar charac~ 


as all kinds of surface milling, 
‘the work operated upon in plain 
ily apprecinted by tool-makers 
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und machinists, For metal patterns and similar work the 


attachments are especially valuable, as a line or template 
can be followed very closely, thu reducing the hand fin- 








ishing to a minimum. The attachments are also of great 
advantage for spiral milling on universal milling machines. 
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In milling spirals in the usual way, many times the work 
is a considerable distance from the end of the spindle, as in 
cutting spiral gears, thus necessitating the use of long ar 
bors which are liable to spring. By the use of the attach- 
ment, however, the machine is geared for the required lead 
and the attachment set to the angle of the spiral, Tho table 
thus remains set at zero, a short arbor is used, and the — 
cutting may be done on the side or top of the piece in 
hand. 


Differential Dividing Head. The body of the head shown 
in Fig. 334 consists of a base with annular and parallel 
housings, u eenter block earryine the spindle, x worm 
gear and pinion, and the trunnion supporting plates for the 
center block. Spur and spiral gears may be cut on this at- 
tachment and bevel gears on the head alone, 

Speed for Milling Cutters. Tho milling cutters shown at 
A in Fig. 835 are of a form in general use. They have straight 
teeth arranged at equal distances on their face parallel 
to the axis, and radial teeth on one side, as shown, When 
two of these mills are arranged in pairs, or when a single 
mill haa tooth on its face and on two sides, it ia called 
a straddle mill. 

Should a mill have a wide face, the teeth are out spiral- 
ly, as shown at B. Wide, straight teeth would not main- 
tain a uniform cut on entering or leaving the work, With 
spiral teeth the out begins at one end of the tooth, the eut 
being started, the eutting is uniform, producing smooth 
work, and avoiding any sudden shock when entoring or 
Wing the eut, 
milling cutters are provided with a center hole, whieh 
an arbor shown at C, and are also provided with 
, shown in the illastration, the end of the arbor 
a conien) sent, is securely held in the machine 
fitting the arbor to revolve in either diree- 
it becoming released. The milling euttors ean 
the arbor, and the feed of the work ean be 
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changed, it is plain, could not be done if the mill was on 
an arbor that serewed upon the driving spindle of the 
machine. 

‘As the proper speed of the cutters is essential to the 
economieal produetion of work dono by milling machines, 
the following Table No. 20 will be found of great use. 

A narrow face cutter commonly known as a #litting saw 
is shown at EB and a set of end milling entters at D. An 
adjustable chuck or collet Hi for holding the end milling 
cutters shown at D, and the spanner wrench for tightening 
and loosening it at G. 
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As the speed of the cutter varies considerably with the 
kind of material to be operated on, and ns it is generally 
the ease that the machinist will be called upon ta use his 
own judgment. Table No, 21 may be safely taken as « 
guide, 


Tanie No, 21—Spreps ror Mitiand Currens. 


Brass [Pasta Machine) Took Steel 
| 


Steel ies? 
le to 120) 40 to 60 | 36 to % 26 to 85, 





Feet per minute 





Mto2| M4 to 2 





Example: What should be revolutions per minate for a 
6 ineh eutter to operate at outting speed of 50 feet per 
minute. 

Answer; From Tuble No. 21, with 50 foot per minute 
cutting speed and 4 diameter of 6 inches, the revolutions 
per minute will be found to be 318, 





Pig. 836 
In general practice it is found to be more satisfaetory to 
run the milling cutters up to the maximum speed, with a 
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comparatively light feed, than to reduce the speed of cut- 
ters overfoed the work, 
Milling Cutters. A variety of milling cutters are illus- 
trated herewith. 
Fig, 336 shows two form cutters, 
Fi is a sprocket milling cutter fo eut the teeth of 
sprocket wheels which & a bloek chain. 















ig. S09 in = cutter for years having the epieyleidal form 
of teeth. 
Fig, 340 i what is known ms n stocking entter, and is 
used to cut out the stock in a gear blank before finishing 
with the proper cut, 
The use to whick the mill 
and 342 are put in fully exp 
Milling Operations, Twelve 











cutters shown in Figs. 341 
ved in Ue illustrations 
different milling machine 
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Pig. 390. 





operations are illustrated in Fig. 343, which show almost 
‘every possible conditions of work. They may be of great 





Vig. 340. 
value to a machinst when debating in his mind as how 
bost to porform just auch an operation, 
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Planing Operations. The operation of planing consti- 
tutes cutting in a straight line by means of a stool entting 
tool. In the planer, the piece to be planed is moved in 
a straight-line under @ stationary tool. ‘The planer is « 
very important tool to the printing press builder, as well 
as in the production of lathe beds, slides and parallel. 

The work to be planed is securely fastened to the table 
of the planer, and is moved backwards and forwards by 
means of suitable gearing the cutting tool being held in the 
tool post, mounted upon the’ cross-slide. 

‘The mechanism feeding the eutting tool, and regulating 
the travel of the table in planers are of different forms, 
The general practice is: The employment of two belts, one 
for the forward and the other for the backward travel of 
the table. The feeds are operated by independent devices, 
the attachments on the planerbed being used only to shift 
the belt. 

‘The track and pinion movement is usually employed on 
nearly all planers to give the longitudinal travel to the 
table, 

43x43-inch Planer. This machiup planes 43 inches wido, 
43 inches high and ean be built to plane any desired 
length. 

‘Tho bed is of ample length and well braced with eross 
girths of box form, and automatic Jubricators are provided 
for oiling the table V, 

The table is driven by cut gearing and rack and its mo- 
tion can be costrolled from either side of machine, 

‘The driving works ean be arranged for the machine to 
illel with or at right angles to the line shaft. 

‘are positive, operating the tools at any angle, 
is of box girder form with deep arched 
t length, when using two saddles, to 











ll 
i th 


aileiel: 





MACHINE TOOLS 4uy 











ae 


440 MACHINE SHOP PRACTICE 


excessive weir which usually tukex place at these points. 
The table has a returning speed of 3.5 to 1, 

The bull whwel is stationary on its shaft, and the shaft 
revolves in long bearings of lange diameter, provided with 
perfeet facilities for lubrication, 








Fig, 346. 

All the driving shafts are made of special hammered 
steel of large diameter, they run in well lubricated bear- 
ings. Kuch shaft, with its appurtenances, may be taken oat 
intact when for any reason it is necessary to tale the 
planer apart. The loose pulleys are self oiling 

All gears and rv are accurately ent from solid stock, 
Tho gears are interchangeable and can be replaced at a 
moment's notice, 
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@%-inch Planer. The planer shown in Fig. 346 is made 
to handle light and medium work rapidly. 

The bed ix of extra length, giving the table almost a full 
bearing when planing at the extreme length, It is sup- 
ported by a center loz, making it very rigid. The Vs are 
wide and provided with oil pockots al short intervals, thus 
insuring perfect Iubrication to the table attall timos. 










Fig. 346, 

Aousings are of the box form, und have an extra 

ie erossrail is well supported on the back, 

belted to the housings. It may be raised or 

wither side of tho machine. 

‘T-slots planed its entire length, The holes 
illed and reamed from the solid. 










before leaving the shop. 
An improved adjustable countershaft is furnished with 
each planer, having tight and loose pulleys, 8 inches in 
diameter for a 344 inch belt, and should run 420 revolutions 
per minute, 
Cutting Speed and Feed of Planer Tools. The term 
cutting speed, as applied to machine tools, means the num- 
per of feet of cutting performed by the tool, in a given 
time, or what is the same thing, the number of feet the 
shaving, eut by the tool in a given time, would measure 
if extended in a straight line. The term feed, as applied 
to a machine tool, means the thickness of the eut or shav- 
ine taken by the tool. ; 

‘As planing machines are usually constructed so that their 
carriage or table runs at a fiseal and unchangeable speed, 
the cutting speed is fixed, and the operator has therefore, 


MACHINE TOOLS 443 


to consider the amount of feed to be given to the tool at 
a single cat, which may be placed at a maximum by keep- 
ing the tool as strong as possible in proportion to ite work 
and making it as hard as its streugth will allow, and at- 
taching it so that its entting edge will be as close to the 
tool-post as is possible, Castiron may always be eut in a 
planer with a coarser feed than is posible with wrought 
iron or steel. 








Pig. 548 


Planer Tools. ‘Two forms of planer tools are shown in 
yt. 347 and 348 respectfully. A denotes the point from 
which the tools will spring, im consequence of any in. 
crease in the depth of the eut or from any seams or hard 
places in the metal, As a result of this spring, it will be 
obvious that the tool shown in Fig, 347 will dig deepor 
in the cut, when the pressure dug to the cut is increased 
in tho direotion indicated by the arrow. It may be read 
ily seen by reference fo the drawings that the radius from 
the point of support at A to the paint T of the tool is 
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greater in Fig. S47 and in Pig. 348, althongh both tools 
are at a Like height from the faee of the work, While 
these two tools are the extremes of the forms shown, = 
compromise between the two may be had by making the 
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ig. 949, 


point or cutting edge of the tool in line with the conter 
of the tool, Thus making the tool easier to forge and also 
koop the eutting edge is plainer view when at work, 

A set of planer fools are illustrated in Fig. 349 and a 
deseription of them in use is given herewith: 
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No. 1 is a left-hand side-tool. No, 2 a right-hand side- 
tool, No, 3 is a left hand diamond-point tool and No, 4 a 
right-hand diamond-point tool. No, 5 fe a brogd-noee or 
stocking-tool for taking heavy ents with and No, 6a sealing 
tool from removing the outer surface from a rough enst- 
in No. 7 and 8 are right and left-hand siding tools while 
No, 9 is a finishing-tool for getting into sharp comers. 
No, 10 ia eutting-off tool, while Nos, 11 and 12 aro right 
and left bevel tools. 

Planer Jacks. ‘These jacks shown in Pig. 350 are design- 
ed for tool-room use, for leveling up werk on a planers 
bed or ander an upright drill and for setting up machin- 
ery. All the parts are ense-hardenod. 














. A 8 — 
Me. 3. 


Tho Jack A hae a range from 244 to 3% inches. It will 
raise 1,000 pounds or more, ‘The two extension basew B 
and € are made to fit the hase of the main part A and ore 
1 and 2 inches high respectively, With these two exten- 
sions used singly or together a reach of from 244 to BM, 
inches may be obtained. 

An anxiliary pointed serew D is supplied to be used in 
place of the acrew shown at A and in certain plaecs where 
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it mav be ,preferable. The base E is also provided, for 
use in cases where such a shape may be desirable, 

Planer Vise, A swivel vise for use on the bed or car- 
ringe of a planer is shown in Fig, 851, It ig bolted upon the 
bed and travels with it, the work being held in the jaws, the 
same as in @ vite or # lathe chuck. It may be «wang around 
in any direction and is graduated around the base. 





Wig. 851 


The planer chuck has a round swivel base, and ean be 
set at any desired angle, The round pin, as shown in posi- 
tion on side of upper piece, ie tapered, and fitting into a 
tapered hole holds the elinek parallel with the base. By 
withdrawing the pin and turning the ehuck one-quarter, 
the pin ngain draps into position, and the chuck is at right 
angles with its former position, One entirely new feature 
is the movable eros pieco, with two setting-up screws and 
the two pins shown in position, to prevent same from slip- 
ping, It requires no blocking to follow up the work. Will 
hold irregular work nicely, and is very easily adjusted. 
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‘The shaper is a straight-line cutter of the planer type. 
They perform a large variety of operations formerly exe- 
ented by hand work. 

In this machine the work is held stationary and the tool 
given a reciprocating cutting motion. 

The feod-motion of shapers may be given either to the 
catting-tool or to the work. When the feed is given to 
the eutting-1oo] the machine is deseribed as n travel-head 
shaper, 

In small shapers the feed is communicated to the work- 
table, the head having no side travel, the feed motion be- 
ing given to the table carrying the work. 

The shaper ix a very useful tool, and is made in a var~ 
iety of forms for special purposes, the work ranging from 
koy seats in shefting to planing valves and steam, ports of 
engine cylinders. 

Crank Shaper. The shaper shown in Fig. 952 is strong 
and enpoble of taking a heavy cut, 

The column is of unusaal depth and width, and is also 
strongly ribbed and braeed internally, and the ram slides 
project both in front and back. 

The ram is of form designed to resist working strain, 
and is ribbed and braced internally. 

The rail is heavy, ribbed horizontally and strougly gibbed 
to the column, and the croes traverse serow is i 
with a grmduated collar reading to thousandths of an inch, 
‘There are folt wipers between the rail and the column, 
“Whe hoad swivels to any angle and is graduated, The 








an improved double serow form, and has a 
base, whieh permits straight or taper- 
rely clamped with equal facility and 

















Fig. 252. 
The key-seating of shafting and similar 
diameter of 214 inches, ix provided 
through the column under the ram. 
High Duty Crank Shaper. The shaper ill 
353 ie of new design and meets in evory 
quirements of modern machine-shop practice. 
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power in it and ix built to withstand the extra stress inei- 
dent to the use of high duty cutting steel ‘Tle motion 
gives the forward stroke an even cutting speed the entire 
length of the cut, together with a quick return that is 
twice that of any other erank shaper anade. 

The column is of the latest hox pattern, 





Pig. 353. 


The baee is extended well out in front for the table support. 
Tho ram is of the box pattern. Tt ia woll ribbed and 
strong in design. 
The hend hns its ewivel oceurutely graduated and can be 
* set to any angle and is held in position by two bolts. 
The slide has a travel of 9 inches, Tho screw is pro- 
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‘The driving-eone has four steps for three-inch belt, the 
largest step being fourteen Inch diameter. It Is supported 
between two bearings, one on the column and an outboard 
bearing, whieh makes it very rigid. 

The countershaft is provided with self-ciling boxes, and 
‘has tight and loose pulleys fourteen inches in diameter for 
four Inch belt, 





Pig. 354. 


Motor Driven Shaper. [a the shaper shown in Fig. 354 
lt will be noticed that the idler i connected with the driv= 
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The head ig strong and sabstantial in construction, and 
is provided with u simple and reliable variable automatic 
down feed, and also with a worm for doing circular work, 

The aprons have three bearings on the bed, which, as 
stated, is unusually deep, and are movable along it by 
monns of a rack and pinion and removable pinion wrench. 

The two tables, movable vertically on the aprons and hor~ 
izontally with them along the bed, are provided. 

The elevating serows for the tables are hung on ball bear- 
ings, 





Vig, 306, 

The vise is of an improved double serew form with 
graduated swivelling base and swiveling jaw, permitting 
straight or tapering pices to be clamped with equal facil- 
Sty and with rapidity: 
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The gearing is of wide fuer and large diameter, giving 
ample strength and lange wearing surfaces. 

‘The index centers which are furnixhed with the machine, 
swing 8 inches and take 17 inches between centers. 

A two speed counterahaft, giving eight eutting speeds to 
the ram, is furnished with the single geared machine, while 
the back gearing in the back geared machine gives eight 
entting speeds, 

Fig. 356 is an illustration of ove of the heads of the 
Traverse Head Shaper shown in Fig. 355, 

Rack Shaper. The mochine instrated in 357 hus 
ample metal throughout to make it a powerfal and ac- 
curate tool and give it grest rigidity under working strain. 

‘This machine being byilt ou the four shaft planer prin- 
ciple, is triple geared, that is, has threo increases of power 
between the driving pulley and the ram. Thus affording 
& cutting power proportionate to the strong construction of 
the machine, 

The column is of unusual depth and widih, and is also 
atrongly ribbed and braced internally, aud the ram slides 
project both in front and back. 

The ram is provided with a double rack, thus avoiding 
side thrust, and is ribbed and braced internally. 

The-rail is heavy, vertically ribbed and is strongly gib- 
bed to the column, and the eros traverse serew is provided 
with a graduated collar reading to thonsandths of an incl 

The head swivels to any augle and is graduated. The 
locking devics ix simple and efficient, and the down feed 
serew is provided with a graduated collar also reading to 
thousandths of an inch. 

The vise is of an improved double serew form, and has a 
graduated swiveling base which permits straight or taper- 
ing pioces to be securely clamped with equal facility and 
With rapidity. Its jaw plates are of annealed tool steel 

This shaper is supplied with an outer. or table support, 
as shown, 
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head, and also the ram slide, aro held in position by lock 
nuts, counter-sunk flush with casting. 
Speed Change Gear Box. The Gear Box drive shown in 
358 provides all the changes of speed obtainable 





Pig. 558. 
through the usual cone pulleys and also has the farther 
advantage of affording a lange and constant area of belt 
contact at all speeds, without shifting the belt, 
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In designing this gear box, it has been the aim te make 
it as simplo and strong as possible. In the gear box thoro 
are three shafts, two of which carry sliding gears. Hand 
nuts readily move and lock these goars, This gear box if 
desired may be attached at any time, though it is more 
readily done while the shapers are in process of constrac- 
tion. 


Fig, 351 





16-Inch Back-Geared Crank Shaper, The tool shown in 
Fig. 369 is of entirely new design, and has a number of 
valuable features, viz: 

Tho column is of unusual depth and width, und is strong- 
ly braced internally, The bearings for the ram project both 
front and back. 

The ram is unusually Jong and wide, it is scraped fo a 
perfect bearing in the column, its position of travel ean 
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he changed while the machine is in motion, through the 
hand wheel shown noar the head of the ram, which operates 
a serow through the spiral gearing. 

The length of stroke of the rim enn be changed while 
the machine is running, by means of a hand wheel on the 
right-hand side. Yarions lengths of stroke are indicated 
by a pointer on the sido of the ram, whieh travels along 
lox. plate. 

The tool head is graduated inte degrees. The down- 
feed serew is provided with a collar at the top, graduated 
to thousandths of an inch. 

‘The crank is xingle geared at a ratio of 4.76 to 1. With 
the back gearing it gives a ratio of 10 to 1, making with a 
five-step coue n range of ten speeds, which is cspeeially 
valuable for tool-room use, when it is necessary to change 
quickly from working brass or cast iron, to steel, or view 
versa, It is changed from single to back geared by means 
of a lever located at the rear ef column. 

The table is fitted to the saddle by overhanging on the 
top.and Jocked into the back of the same by a right-angle 
corner, Each bearing of the table is fitted to the saddle 
hy seraping, insuring aecurney and great stiffness, This 
style of fastening the table to the saddle is not common 
with shapers, yet it is a feature of great merit. 

‘The table has three T slots on the top and vither side, 
On the right-hand side of the table there is a bole bored 
to reecive the stad of the vise, so that the vise may be 
held on the side as well as on the top. There is also a 
vertical V groove planed in the opposite side of the tablo, 
which is convenient for holding shafts, roand bars, ete, 

‘This tool has a now feature which ia entirely original. 
Tt is the planing of grooves across the top of the table at 
right angles to the traverse of the ram. This will be found 
serviceable in locating a parallel strip so that work ean bo 
hetd af right angles when desired without loss of time ia 
equaring the sams, 
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The elevating screw is of large diameter, and is provided 
with ball bearings, whieh will be found most. effective in 
action when raising or lowering the cross rail. The elevat- 
ing gears are made of ateol and are cut from the solid. 

Another entirely new feature, original with this machine, 
is the quick return of the saddle of 2 to 1, This will be 
found of great value. 

A tool shelf is placed on the right-hand side of the zna- 
chine for holding ail ean, wrenches, ote, 

‘The vise furnished with this machine has tool steel-faced 
jaws and tool steel center points, securely held into the 
top of cither jaw. With the vise is furnished an extra pair 
of angular jaws for holding irregular shaped pieces, that 
will be found serviceable for many elasses of work. 

‘The base of the vise is graduated into degrees. 





Fig. 300, 

‘The movable jaw can be securely clamped by two bolts 
on either side of the same, The screw which operates this 
jaw ie protoeted at all times from dirt and chips. 

‘The keyseating of shafts and similar work up to a dia- 
meter of 214 inches is provided for by an opening through 
the column under the ram. 

‘The connection or the rocker arm with ram is accomplish- 
ed by an improved method. 

Shaper Centers. The drawing shown in Fig. 360 repre- 
vents a pair of shaper centers, but they can be used on 
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planers and milling machines as well. They swing 7 inches 
in diameter and take between eenters 13% inches. 

The stationary center has 14 ineh vertical adjustment 
above or below the centers, and is seearely held in a head 
that is cast with the body, 

The index head slides on a dovetail planed on the top of 
the body, and with one bolt ean be securely clamped at 
any place according to the work, 

The index ix formed by having six cireles of holes drilled 
in the baek of the face plate, giving the following divi- 
sions: 48, 52, 54, 56 and 60. The spindle is fixed at any 
place by means of an index pin, that can be solidly fastened 
ao ax to coincide with any of the holes, 

The spindle is bored to a No. 3 Taper and can be securely 
clamped when set, taking all strain off the index pin. 
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SLOTTING MACHINES. 


‘The slotting machine may be elaseed as a vertical shaper, 
it performs straight line entting. The tool, as in the 
shaper, has a longitadinal movement, the bed or table being 
stationary, exeept for the transverse feed movement. 

There are many varieties of slotters The «mall ma- 
chines are usually erank-driven or friction driven. The 
larger ones have 
racks and pin- 
jons driven by 
a train of spur 
gears, with shif- 
ting belts. 

The principal 
features aimod 
at are smooth 
ing and 
veniont 
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co 
handling of 
the work. 






Pig. De 

The advantageous features of the slotter are, that the 
work is always y the tino to be worked to being an 
top where the tool begins to ett, instesd of where it fla- 





isbes the cut as in the case of the shaper, 
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For cutting the keyways in wheels or pulleys of large 
diameter, the slotter has no equal. 

10-inch Slotter. The slotter shown in Fig. 301 is a well 
designed and convenient tool to operate, and as shown is 
very powerfully back geared 

The bar in easily adjustable by mens of a crank in front 
of the bar, is counter-bolaneed, and bos the Whitworth 
quiek return motion. The tool block has a relie? motion 
for the eutting tool. 

The table has power feeds in all direetions—lateral, cross 
and eircular, 

18-inch Slotter. 

The machine 
illustrated in Fig. 
862 hus a stroke of 
18% inches, with 
an sdjustment for 
any position and 
length of move- 
ment. 

The cutting bar 
haselghtspeeds, agp 
it is counterbal- 
anced and re 
turns with a 
























speed of 3 to 1; it is furniehed with a vortically adjusted 
guide and relief tool apron. 
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Arbor Press. An arbor press is used for forcing arbors 
into and out of work, 

It waves time and tinigbed work, It saves springing and 
battering the arbor and work, 

It saves splitting the work and chipping the end of the 
arbor which comes from the usual method of driving the 
arbor by means of a hammer or sledge. 

It saves eleaning out the centers and taking off the lgthe 
dog when changing pieces. 

Hundreds of these presses are being used for purposes 
other than pressing arbors, auch as broaching, punching, 
bending with dies, and many other uses. 

Fig. 364 shows a machine, which is a very useful device, 
being quick in netion, and which is always rendy for mse. 
Operated by a hand lever, a pressure of seven and a-half 
tons can be obtained by an ordinary man by moans of the 
gear-wheels shown to the right in the drawing. It is ex- 
ceedingly simple in action, and consists of a massive stand- 
ard, which carries a sliding or adjustable knee which ean 
be regulated to the height of the work by a square-thread 
screw, which acts in a nut in the top of the standard. 
‘The handle wheel operates the serew while the plate is 
free to revolve on the kneo, and is provided with lateral 
openings of graduated sizes for various dimensioned man- 
drels, When released from the work, the arbor or mandrel 
drops on a soft babbitted cushion and is caught or retained 
in the large steel ring shown below. The plunger or ram 
has rack cut on one side. This rack is engaged with 
two pinions, one on a seperate spindle and one on the lever 
spindle, they are geared togetber by the spur wheel shown. 
The leverage is obtained by means of a wheel and pinion 

A67 
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the ram free to be moved up or brought down to the work 
by means of the hand-wheel 





Fig, 385 shows a very powerful press, designed for man- 
arela up to 6 inches diameter, The leverage is 250 to 1 
and the press ix capable of exerting a pressure of about 
sixteen tons at the end of the serew, 
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Fig 206, 


A simple form of an Arbor press is shown in Fig. 306. 
Bolt-Cutting and Threading Machines. Bolt-eutters, like 


machines, require additional tools and deviees, ae- 





AUXILIARY MACHINE TOOLS 471 





Fig 348. 


cordiag to their general eoustruction. Au example of this 
fs the epeeml eutting-off tool designed to reduce round 
wrought iron to the length necessary for heading in a bolt= 


a 
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beading machine. Another example is the power feedqat- 
tachment, which is applied to the machine, to produce 
course threads true to piteh, 






Pig. 200. 
Pig. 967 shows a view of a 14-inch belt-driven bolt-cat- 
ter, and Fig, 368 a 1 ch Motor-driven triple bolt eat- 


ter. Fig. 369 is a Sinch bolt-cutter with a quick-change 
gear attachment. 
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Tanta No. 22—Sprexp ov Bowt-Curren Dies, 





50 
a5 
40 
38 
85 
82 
80 
28 
25 
22 
20 
18 





Table No. 22 gives the cutting speed for bolt cutter dies 
in revolutions per minute for the die holder or head. 

The xerew-cutting die hend shown in Fig. 370 is simple 
in construction and yet admits of the finest adjustments, 
being graduated upon one eide of the «bell and provided 
with an index by whieh quick and sceurate variations in 
the diameter of the threads may be made. As the index 
ix controlled by one sorew all the dies are adjusted simul- 
taneously, 

‘The construction of the dies and the method of holding 
them is such as to allow a thread to be cut flush up to « 
shoulder if desired, and by means of an invernal adjustable 
gange either long or short threads may be ent. 

In operating the dies the gauge is set for the length of 
thread required, and as the stock passes through tho dies 
and comes in contact with the end of the gauge, the 
mechanism of the die head is instontly unlocked and the 
dies open automatically, thus releasing the work. The 
dies are closed again by means of a small handle provided 
for the purpose at one side of the head, or they may be 
closed automatically, if desired, by serewing a pin into the 
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ishor's lathe, which ix used extensively in the manufueture 
of brass goods requiring several operations. 

The headstock is provided with an adjastment to main- 
tain a perfect alignment of the spindle. 

The spindle is made of special hammered steel, accn- 
rately ground, and rans in phosphor-bronze bearings, with 
provisions for taking up the woar. 





The bed is of box form, and dovetailed on the top, mak- 
ing the best construction for a lathe of this kind. 

‘The turret revolves automatically, The indexing moch- 
anism is made of hardened steel, tho locking pin tx foreed 
into the various divisions by a spiral spring, the tension 
of which can be regulated to suit requirements. 
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The cut-off rest is operated by rack and pinion. Tt bas 
two tool posts, fitted with adjustable taper wedges for reg- 
ulating the height of the tools. 

The countershaft has double friction pulleys, ten inches 
in diameter for a threo and one-half inch belt, and rans 
360 revolutions per minute. 

Fig, 372 shows the details of the turret of the Inthe de- 
seribed herewith 
Turret slide and binder, 

Tarret showing hardened eteel ring and ratehet, 
Lock bolt cover. 

Turret slide rack, eut from steel. 

Hook bolt. 

Loek bolt, hardened and ground. 

Lock-bolt lever, hardened and ground, 

Lock-bolt. gib. 

Pilot wheel, showing rack pinion sleeve and shaft, 
Base of turret, showing turret slide gib and binder, 








Fig. 374 

Centering Machine, A centering machine for drilling 
and ecountersinking the ends of round stock or shafting is 
shown in Fig, 373, It consists of a live spindle with two 
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Fig, StH. 
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pulleys to drive the drill and a universal chuek to hold the 
work during the drilling and countersinking operations 

Gold Saw Cutting-Of Machine, A cutting-off saw is a 
machine designed for eutting off the enda of work and 
also for cutting it to any desired length, in the ordinary 
machine shop practice, a power-driven hacksaw is used. 
but when cutting large work, a circular, revolving saw i 
used to ent the work cold, This is usually known as a 
cold saw eutting-off machine, and is illustrated in Fig. 374. 

This machine shown can be used for round or square 
atock, and can be arranged for motor drive. 





Fig. 876, 


A motor-driven cold saw cutting-off machine is shown 
in Fig. 375, which has a friction drive to vary the feed 
of the saw. 

Outting-off Machine, The cutting-off machino is used to 
eut rods or bars into exact lengths, whieh saves a great 
deal of time over the old method of cutting them. As the 
bar can be ent in leas time, and the cutting-off maching 
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leaves the end of the work square and trne and of the 
required lengthy 





‘The spindle of @ eutting-off machine is hollow and the 
bur passes through it antil it comes up to a stop or gauge 
which determines the distance the bar shall project beyond 
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the eutting tool, this distance being the length of the 
piece ent off. Chucks at each end of the live spindle are 
provided to hold and to guide the work, 





Pig. 277. 


The illustration shown in Fig. 376 represonts a cutting. 
off machine, This machine will cut off and center the 
stock at one end at the same operation, 
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Grinder Attachment, It is often ucceraary to grind a 
flat surface, and with the ordinary grinder this is impossi- 
ble as there is nothing to regulate the amount to be ground 
off. ‘The attachment shown in Wig. 377 is elamped firmly 
to the frame of the grinder head, and may be turned back 
80 as not to interfere with the use of the machine as an 
ordiaary grinder, or easily removed, An attachment of 
this kind will be found of great advantage in foundries 
and machine shops where rough fittings is required, and 
for finishing iron patterns, 

Hub-Forming Machine. An automobile hub-forming ma- 
chine is shown in Fig. 378, The bub rest bas tong bearings 
on the bed, the tools are held in dovetailed rooves in the 
uprights. The rear tool takes the ronghing eut and ean 
be adjusted independently of the front tools, It is serrated 
to break the chips, The turret is of a combination type, 
having a flange east around the lower part, The bottom 
of this turret hos an anoular T-slot, in whieh a number of 
tool posts ean be securely clamped, The turret has the 
usual number of holes in the head, each hole has an indi- 
vidual automatic stop, shown at the ond of the turret slide, 
winen comes into play when the turret is revolved either 
to the right or to the left. These stops can be adjusted 
to suit the work, which ix far superior to the old method 
of making each tool of the exact length to suit the work. 
The forming toole are eo made that they can be sharp- 
ened without changing their form. The cross feed screw. 
has a graduated collar, which is invaluable in producing 
exact diameters, 

A steady rest for supporting the steck is mounted on 
the same base as tho hub rest. Tt is fitted with « pair of 
hardened stee) jaws to avoid marting the finished surface 
of the bub, ‘Thes€-jaws are operated by a fight and left 
hand serow and will grip stock up to the fal! anpacity of 
the machine, The cut-off tool slide is attached to the side 
of the steady rest and is operated by a lever. The in- 
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dexing mechanism is made of tool steel hardened and 
ground. The drills used ure made hollow, so that oil can 
be foreed to the cnd where the cutting is done. 

The hub is formed and drilled at the same time, the drill 
being driven independently. This ig accomplished by a 

{telescoped shaft and universal joints, driven direct from 
the countershaft by means of steel hevel gears, The lower 
bracket supporting the bevel gears takes a bearing dirvetly 
on the flange of the turret, thas making a rigid construc 
tion, Being attached in this manner, the revolving drill 
ean be swang around the same as all other tools held in 
the turret, The oil pump constantly furnishes a sufficient 
supply of lubricant to the tools when the head is running 
in either direction, 

Al pinions, worms and racks are made of steel. Both 
the worm wheels are bronze, All serews and nots are case- 
hardened. Kaeh machine is furnished with a set ef toolx 
for forming the front and rear hubs, one drill, one eounter- 
bore, one split collar, and ong collet, each for the front 
and rear habs, 

‘This machine is said to finish in ton hours tweaty pairs 
of hubs from three-ineh stock, drilling a one and fifteon- 
sixteenth inch hole (hree and one-half inches long, reaming, 
counter-boring, forming and cutting off. This with a one- 
half inch depth of flange on the rear hob, The machine has 
a friction geared head with a two-step coue pulley for a 
two and one-half inch belt, The gearing is entirely enensed. 
‘The spindle is made of special hammered steel accurately 

‘ground, It has a three and ene-sixteenth inch hole bored 
through it, 80 that a bar three inches in diameter ean be 
passed through, 

Key-Seating Machine, Fig. 379 shows a machine for 
ting key seats in pulleys and gears, The work is se- 
curely clamped to the table by means of bolts which on- 
sage in the T-slots shown. The cutter bar is deawn through 
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the work, the feel being made by the inward movement of 
the table. 

Pipe Threading and Cutting Machine. The threading 
and pipe cutting machine shown in Fig, 380 is said to be 
the most carefully and rigidly built tool on the market, 











Pig, 978, 

The extra long barrel, with a chuck at each end, insures 
the center line of the pipe being symmetrical with that of 
the machine, #0 that the threads are cut at exact right 
angles to the axis, and several lengths of pipe will be in 
perfect line when joined together. 
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All the machines ave equipped with am adjusting meeb- 
anixm, which requires no tools to operate, and is aecurate 
and reliable at all times. By throwing # lever, this mech- 





aniém opens the dies to pass clear over the pipe, when the 
attnehed cutting-off tool ean be moved ap and brought to 
bear without moving the pipe. 


al 
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A motor-driven pipo-threading and cutting machine is 
ilustrated in Fig, 981, Au adjustable sixdie die-holder 
for a pipo threading machine is showa in Fig. 382. 
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Power Presses, 


To belt up a power press properly, set it in tine with the 
countershaft or main shafting, and fnatcn it securely to 
the floor, taking care that it is properly leveled, and that 
each leg has au equal bearing on the floor, The better the 
foundation, the better the results that will be obtuined. 
Take donble the distance from the eeuter of counter or 
main shaft to center of crank shaft on the press, and add 
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one-half the cireumference of both pulley and balonce 
wheel, and the result will be the approximate Tength of 
belt required. If the press is on inclined one, and it i» to 
be nsed in an upright position also, set the press on an 
incline and cut the belt to the proper length; then set it 
upright and set a piece of belt of the proper length to be 
used when the press is in that position. Put on a belt 
the fall width of the wheel, Do not put a 2ineh belt on a 
4rinch faee balance wheel, and then expect the momentum 
of the wheel to do the rest. Do not set the press directly 


li 
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under the main or 
countershaft when it 
is possible to ayoid 
it, Sot it at least 2 
feet away, even if 
floor space hus to be 
sacrificed to do so. 
Run the belt with 
the grain side next 
tothe pulley. A Jong: 
belt is preferable to 
a short one, as the 
adhesion caused by 
the weight of the belt 
is more desirable 
than that obtained 
by tight lacing, and 
the belt will wear 
longer and givo bet- 
ter results. 


Drop Press. 


‘The hammer illua- 
trated in Fig. $83 
strikes a quick, 
sharp blow, at the 
rate of 250 to 600 
blows per minnte, 
according to the size 
of the machine, and 
iffstantly gets away 
from the work, ther- 
by avoiding any 
chilling of the stock. 





Wig. 353. 
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Power Prose, The crank shaft of the machine shown 
in Fig. 384 is made of a selected double-hammered forging, 
accurately {urned, with broad polished bearings of suill- 





Fig. B84. 


cient diameter and length to give power and efficiency. 
The cam pintle is made of high-grade cast atecl, and ia 
bushed with brass 
The main crank shaft bearing has large diameter and 
Tength, to insure good wear and servico, and is bashed with 
brass to make it serviceable and efficient. 
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‘The clutch is of the positivejaw type, with jaws lined 
with hardened tool steel plates, extra thick and carefully 
fitted, and is attached to the shaft by two feathers to in= 
sure strength and avoid binding on the shaft. 





Pix, 560, 





An improved antomatic stop is furnished with all 
chines, for stopping the machines at any desired position 
of the stroke, This automatic stop insures positive disen- 
gagoment of the elnteh by means of an adjustable east 
steel cam ring on the same, acting against a hardened tool 


steol roller on the top of the stop plunger, 
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The machine is designed with « much higher throat than 
is commonly used, and {hus ingures a much greater range 
‘of work, as well as avoiding cramped space for special tools. 

The shaft of the press, illustrated in Fig, 385, is of 
forged steel, journaled in adjustable liners, provided at the 
under side with an adjustable shoe. ‘This feature supplies 
means for taking up wear and for truing the shaft by 
turning it down in ease of excessive wear. 





The connection is graduated one thousandth part of an 
inch, the eonnection screw is made of tool sivel, oil bard- 
eved. The recess for the puneh is made square. 

Inclining of the press is made convenient, ax after loos 


= > 
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Punch and Shear. Fig, 388 shows a double-ended pnnch- 
ing and shearing machine, 

This machine is doublegeared, and the frame cast in 
halves and securely bolted together, The driving shafts 





Pig. 352, 

are of steel, and the Iatter drives the slidex throngh shart 
connecting rods, The slides have large rectangular benr- 
ing surfaces, those for the punch and the shears being 
fitted with stop motions, 


a 
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‘Tnis machine is double-geared, and the punch and slear 
are operated by levers which allow them to remain at the 
top of the stroke during a full one-half revolution of the 
main shaft, thos affording plenty of thne for adjustment 
of the plate. 





Pig. 980. 


A is the frame, B the belt-shifter rod, © the fast and 
looxe pulleys, D ono of the fly-wheels, EK belt-shifter forks, 
F and L the belt-shifter brackets, G the belt-shifter Iever, 
H the belt-ehifter hand-lover, M the belt-shifter Jover shaft- 
bracket, and $ and P the shear and puuch respectively. 
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The sing! 
will punch a five-tigh 
cut off flat iron one-half ineh thick b 
«i round iren ane and one-eighth ine 
The cam shaft is made of special hammered steel, with a 
bearing on coach side of the cam. The elutehes are stecl 
faced, 





n in Fig. 389 
ighths iron or 
six inches wide, 
diameter, 


-endad punch and shear sho 
ths inek hele in five 
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The tight and loose pulleys ae fourteen inches in diam- 
eter for threo and throe-fourthe inch belt, and make 180 
mvolutions per minate, 

The machine ix furnished with one punch, one steel 
socket to fit the slide, one die, one die holder, one die 
block and wreneles. 

Another form of si 


in Pig 








cried pane and ebear iz shown 





ee 
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Screw Shaving Machine, Vig. 391 filustrates a serow 
shaving machine, 

The draw-back colletg are opened and closed in the 
Me by a hand lever and are invaluable for holding: ae 
curately work of a circular cross acetion that must be so 
finished that external and internal surfaces shall be con- 
centric, 








Fig. 301. 
‘The cross rest has two tool posts, operated by a lever, 
inion and x 
Each machine is furnished with spring eollets, ross peat, 
oi] pump, pan, tank and countershaft. 
Screw Threading Die Holder, A screw threading die 
holder ix illustrated in Fig. 3 
The dic ix made from a special tool steel, and acenrately 
ent, it ie made adjusted by a elamping collar, The dies ean 
be readily sharpened on an emery wheel. 
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The clamping coll 
each prong af the di 


ment. 


is arranged with 





a set-serew for 
thus giving an independent adjust~ 





Pig 302 





The die holder can also be used for holding tape when 
required, The shank of the holder revolves in a sleeve 





Ral 
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whieh has its ends formed into right apd left-band elutehos, 
which engnge with projections on the shank and head of 
the die holder, This allows the die or tap to remain sta- 
tionary at the instant of reversing the motion, so that it 
may be backed off of the work without jar or danger of 
being broken, The work may be eut lose up toa shoul- 
dor, or the top be sent to an exact or unvarying dopth. 





Wig. 293. 


Valve Milling Machine, Vig. 393 represents a Valo 
Milling Machine, which has been designed with especial 
reference to the requirements of the brass-finishing trade, 
for milling the square or hexagon parts of valve bodies, 
nuts, caps, and oilers, 

‘The heads ure adjusted independently by hand-wheels at 
cither end of the bed, so that the cutters may be separated. 
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The spindles are hollow, made from special hammered 
steel, aecorately ground, and have provisions for taking 
up the wear. 

The upright spindle has three and one-half inch vertieal 
adjustment, which is sufficient to always bring the center 
of spindle opposite the center of the work, thus keeping 
the support close te the cutters, and thereby insuring 
smooth work, 

The indexes can be set for either square or hexagon 
milling, as desired, and cannot be set wrong. 

The piece to be milled is held secure with the upright 
spindle, as shown in the cut, by means of the lange hand- 
wheel at the lower end of the same, 

When two sides have been milled the article is rotated 
through 60 or 90 degrecs by means of tho Iover shown, 
which, with one motion, unlocks, rotates, and again locks 
the spindle, 





PORTABLE TOOLS 

















Boring Bar. This 
tool, shown in Fig. 394, 
is usefal for boring en- 
gine cylinders without 
detaching them from 
their beds. It muy be 
set at any angle or in 
any position, Ibis also 
useful for boring eylin- 
ders of large diameter 
or great length in the 
lathe or on a table or 
faceplate made for the 
purpose, Tho cutting: 
tool is attached to a 
sleeve which i¢ moved 
along the bar by means 
of a feed-screw within 
the bar which may be 
operated by the small 
handle shown at the 
left hand end of the bar 
or automatically by the 
pin wheel shown im- 
mediately behind the 
handle. 

Chain Hoists. A two- 
sheave chain hoist of 
the Weston differential 
type is shown in Fig. 
39%, This hoist will 





all 
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sustain the load in any position. A compound worm gear and 
pinion chain hoist is illustrated in Fig. 396, This form of 
hoist is intended for raising heavy loads and is in conte: 
quence very slow in its action, 





Electric Motor, When a source of electricity is near ay 
hand, a portable electric motor with o flexible shart drive 
will be found an exeellent method of operating a drill 


PORTABLE TOOLS 505 


press such as is described in Pig, 397, ‘The illustration 
in Fig, 897 shows plainly the manner in which the motor 
and flexible shaft are connected to the drill press, 





Pig. 207. 


Hand Drill Press. For drilling holes in large castings 
such as the bed-plates of engines, which are of too large 
dimensions to go under a drill press even of large swing, 
‘The portable drill ehown in Fig. 398 is a very handy tool. 
It may be clamped to any part of the easting and be ad- 
justed to almost any position. 

Forge, The forge shown in Fig. 399 has a strong, posl- 
tive, regular blast, It is constructed from structural steel, 
making it strong, stiff and light. The machinory is all on- 
eloped in an oil-tight casing, and entirely noiseless, It has 
no belts or friction, It is fitted up throughout with ball 
‘bearings, 
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Fix 400, 


Key Seating Machine, A portable key senting ma 
for use in entting keyways in shafting when in place, 
ehown in Fig. 400. It has both hand and automatie feed. 
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Slide Resta, The constroction of a slide-rest may be 
understood from Fig. 401, The eutting tool ix carried in 
the upper slide, whieh, by means of a serew whose handle 
is shown, may be moved in or out on the lower slide so 





Fig, 402. 


as to regulate the depth of the ent taken oif the work and 
thas regulate its diameter, To carry the cut along the 
work the upper handle operates a screw whose nut is at- 
tached to the lower slide, and thas traverses the tool along 
the work. 

sn 
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‘The upper view in Fig, 40% shows a plain slide rest with 
a swivel attachment by which it may he set to any de- 
sired angle. The lower view shows a slide rest with @ 
serew cutting attachment. 





Wig. 402 


Tool Holders, The tool holders shown in Fig, 403 ore 
for boring tools which may be adapted to a variety of par- 
poses, 





Fig. 408. 


Fig. 404 shows two eutting-off tools with holders, 
Thread cutting toolg are shown in the two views in Fig, 


Tapping Attachment, Fig, 406 illnetrates various forma 
of an Automatic Reverse Tapping Attachment, which is a 
well-designed, doublo-cluteh, quick-reverse mechanism of 
compact and rigid eonstruetion. It ig attached to and 
aligned with any machine spisdle by the rezular taper 
shank, and is fitted with a quick ehauge drilling and tap- 





Seal 
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Fig. 404, 





Fig. 405, 
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ping chuck, having (wo seta of jaws to grip both the round 
and the square parts of the tap, which hold standard taps 
and straight or taper shank drills within the range speci- 


Pig. 408. 





fied, The gear train consists of steel spar gears through- 
out, and parts exposed to wear ure hardened and bushed, 
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Style A. Where the work is easily handled and centers 
itself to the top, Work that is drilled and then rebandied 
and tapped. 

Stylo B. For radial drill work, tapping in surfaces at 
different heights or wherever a stop collar on machine ia 


undesirable, it avoids lifting work when diseugaging 
clutches. 





Wig, 407. 


Style ©. Wherever there is danger of breaking taps by 
tho depth of the hole in the metal, as several cuts ean bo 
taken, it permits the tap to strike the bottom of the hole 
without breakage, 











MISCELLANEOUS TOOLS role 


Style D. Wherever the work is clamped down, or is too 
heavy to center itself to the tap, the interchangeable tool 
holders are required to drill, tap and set studs, in line 
without stopping or reversing the machine or moving the 
work, 


Hand and Follower Rests. Various forms of hand and 
follower reste are shown in Fig. 407. 


Wet Tool Grinder. The tool grinder shown in Fig. 408 
is a simple and effoctive machine which is always ready, 
efficient and reliable. By a new and simple device an even, 
steady flow of water ean be obtained upon the wheel when 
it is running, and this flow can be regulated to the desired 
amount, The bowl is of generous dimensions, heth in front 
and on the sides, and the boarings are dirt-proof and self- 
oiling. 


Countershafts, The countershafy shown in Fig, 400 ia 
thrown into action by a pull on the eord attached to the 
weighted lever, which is set in a bearing with just enough 
eccentricity to throw the friction dise into engagement 
with the driven pulley or cone, To stop, another pull on 
the cord seta the lever back to ite original position, dis- 
engages the frietion, and draws it back enough to entirely 
elear, thus preventing any wear, The weight is propor- 
tioned to hold the friction well in place without undue 
pressure, and the contact roller is made of sufficient size 
80 that it rane comparatively slow. It does not run when 
the cluteh ix out. Allowance is made for taking op any 
wear, so that the weighted lever will always act at the 
best angle and give the proper throw to the eecentrie. 

The shaft is stationary in the hanger and the pulleys 
revolve upon it, thus giving them a long bearing. The 
shaft is drilled longitudinally from both ends, and grooved 
to distribute the lubrication, whieh is effected by a wiek. 
‘The contact roller also revolves apon its shaft and is ubri- 
cated in like manner, 
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Another form of countershaft is Mus:rated in Fig. 410, 
‘This has tight and loose pulleys instead of friction elutehes, 
but in operation is very similar to the one shown in Fig. 
409, 





Fig 411, 
Magnetic Chuck. The illustration shown in Fig. #11 
shows the special rotary maguetie chuck for grinding the 
sides of dises and washers, They are made in two sizes, ~ 


10 inches and 12% inches diamoter respeetively. The dravw- 
ing shows the 10 inch size, and the washers shown are 134 
inch diameter approximately. It will be seen that this 
ix a sixteen to one proposition compared to finishing one 
washer at a timo, In these ehucks the magnetic foree ik 
concentrated im- 
modiately under the 
work and a slightly: 
projecting rim main- 
tains the work con+ 
. centric with the 
Pig, 412, chuck. 

A magnetic vise for use on milling machines, surface 
grinders and other tools where small pieces require to be 
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held firmly and yet frequently to be changed around to pre- 


sent a fresh surface for milling or grinding, fs shown in 
Fig. 412. 








Pig. 415, 

Demagnetizer, Hardened cast steel, and to a slight de- 
gree east iron, coming in contact with a magnetic chuck, 
becomes permanently magnetized. On some classes of work 
this is objectionable and the apparatus shown in Fig. 413 
is the onteome of a long series of experiments to overcome 
this difficulty. The apparatus hag proven an entire euc- 





current. 

Customers who prefer to furnish their own counté*shaft, 
ean do so and operate the electrie cireuit separately by an 
ordinary switch placed in the cireuit, first, however start- 
ing the apparatus in motion. 


PLAIN AND SPIRAL 
INDEXING DEVICES 














Plain Index Oonter. Tho Index Conter shown in Fig. 414 
is made in two sizes, The spindle is 234 inehes in diameter 
and is made tapering so as to compensate for wear, The 
nose is thrended to receive a chuck or any other fixture. 
The divisions are made with a single notched plate whieh 
can be handled very rapidly. Threo plates ean be carried 
on the spindle, so that a variety of divisions can be made 
without removing a plate. After the division is made, the 
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spindle ean be securely locked in position with the small 
lever shown at the side. This takes all the strain off the 
index mechanism. The plates are a plain lathe joh and 
can be easily duplicated and cut any number of divisions 
required, 

Differential Indexing Device, Differential Indexing is 
accomplished by gearing the spindle to the index plate, It 
ia much simpler than the compound method and covers a 
much larger range than it is practienble to obtain by 

525 
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special index plates. With it all prime nombers within 
the range of gear entting can be obtained. Owing to its 
simplicity the liability of error is very small, one circle 
of holes is used the same as in plain indexing. The index 
handle being turned in one direction only, the differential 
feature is obtained by gears in a positive manner. 

Fig. 415 shows a Differential Indexing device. The 
quadrant carrying the change gears, swivela on the bevel 
bracket. The quadrant is split and is clamped in any re- 
quired position upon the bracket, thereby providing an 


Pig. ats 


easy and substantial method for properly meshing the gears. 
‘The back of the head spindle is bored taper, keywayed, and 
carries a change gear stud, ‘he connection from this stud 
to the worm shaft is made by the quadraat which hes two 
T-slots in it for properly adjusting and carrying both the 
compounds and idlers. As the whole arrangement is self 
contained, the head can be placed in any position on the 
tablo, ‘The change gears and index-plates furnished, cover 
all numbers to 360. 

Universal Head. ‘The drawing shown in Fig. 416 fe a 
Universal Dividing Head. Asx its name signifies it ix a uni~ 
versal hesd in all respects, all kinds of dividing, at any 
angle, or spirale of any form, ean he eut on it. The swivel 
can be turned completely over from one side to the other, 
and to 10 degrees below the horizontal on either side, de- 
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seribing an are of 200 degrees. It is not necessary to re- 
move any part of the head to secure this range, 

The main body or swivel of the head is one solid east 
ing, bored and turned to receive the different parts. It 
is completely cireular in form except the part at the main 
spindle, This is ent back 0 as to allow as great a distance 
as possible between the eenters and reduee the height when 
set ino vertical position. A dovetail is turned completely 
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around the swivel for clamping it to the base. The base 
is aceurately tumed (o fit Ue swivel, both ends and the 
main body of the swivel forming a benring which is 
seenrely clamped jo the bas by clamping bolts, the heads 
of these being tured the exact radius of the dovetail in 
the swivel. 

Universal Spiral Cutting Head. Fig. 417 shows a uni- 
versal head, designed especially for heavy spiral work, it 
baying all the advantages of a spiral combined with the 
features of a universal head, 

‘The spindle ean be swung through an are of 110 degrees, 
which is ample for eatting bevel gears ar work of this de- 
reription. The spindle is very larze, and i+ rade of ham- 
gered crucible steel, It ean be quickly clamped in any 
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position, relieving the worm and worm wheel from all 
strain when taking a heavy ent. 

The dividing worm is placed near the front of the spin- 
die, this construction allows of a much greater diameter of 
worm wheel than in any other style of head. Tt is ent 
with a special geared fixture, insuring great accuracy. 
With the index plates furnished, all numbers to 50, the 
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even numbers to 100, and most numbers to 360, can be 
divided, When required the worm can be disengaged from 
the worm wheel and the spindle revolved by hand. ‘This 
can be done quiekly without removing any part of the head, 
and can be instantly readjusted to a positive stop. When 
the spindlo is released the divisions can be made with 
front plate by an index pin, Ts very handy for reatmers, 
milling cutters, taps, hexes, aquares and work of thie char 
acter. 

The front end of the spindle is threaded for a chuck. 
‘The up and down adjustment of the eenter ix obtained by 
a screw so that it can be set aceurately and ean be clamped 
securely in any position, 


NOTES ON THE WORKING OF STEEL 








Steel. Steel is a componnd of iron and earbon, varying 
in proportion of 0.5 per cent to 5 per ceat of carbon. Spe- 
cifie gravity 7.8, tensile strength from 90,000 to 120,000 
pounds per square inch, Ordinary steel is earbon steel, 
but steely compounds of iron have been produced which 
have the same general properties ax onlinary steel, the car- 
bou of which is replaced by other chemical elements. 

To test steel and iron. Nilrie acid will produce 4 black 
spot on steel, the darker the spot, the harder the steel. 
Tron, on the contrary, remains bright if touebed with nitrie 
acid. Good steel in its soft state has a eurved fracture 
and a uniform gray lustre, in its hard state a dall, silvery, 
uniform white. Cracks, threads or sparkling particles do- 
note bad quality, 

Good steel will not bear o white heat without falling to 
pieces, and will crumble under the hammer at # bright red 
heat, while at a mild red heat it may be drawn out under 
the hammer to a fine point, 

Oase Hardening. Place horn, hoof, bonedust or shreds of 
leather, together with the article to be ease hardened, in an 
iron box subject to a blood-red heat, then immerse the 
article in cold water, 

Case Hardening with Prussiate of Potash. Hent the 
article after polishing, to a bright red, rub the surface over 
with prussiate of potash, Allow it to cool to a dull red, 
and immerse it in water. 

Case-Hardening Mixtures. Three parte prussiate of pot- 
ash and 1 part of sal-ammonine, or, 1 part of prussiate of 
potash and 2 parts of sal-ammoniae or, bone-dust alone, 

A good soft heat is safe to uso if steol bo immediately 
and thoroughly worked. Tt is # fact that good steel will 
‘endure more pounding than ae iron. 


Never let anyone fool you with the statement that his 
steel possesses a peculiar property which enables it to be 
“‘restored’? after being “‘burned’?; no more should you 
waste any money on nostrums for restoring burned steel. 
For ‘‘burned’’ steel, which is oxidized steel, there is only 
one way of restoration and that is through the knobbling 
fire or blast furnace. ‘‘Overheating’’ and ‘‘restoring’? 
should only be allowable for purposes of experiment. The 
process is one «f disintegration, and is always injurious. 

Be careful not to overdo the annealing process; if carried 
too far it does great harm, and it is one of the commonest 
modes of destruction which the steel maker meets in his 
daily troubles, It is hard to induce the average worker in 
steel to believe that very little annealing is necessary, and 
that a very little is really more efficacious than a great 
deal. 
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Experiments show conclusively: That the breaking strain 
of iron and steel does not (as hitherto assumed)” indicate 
the quality, A high-breaking strain may be doe to hard, 
unyielding character, or a low one may be due to extreme 
softness, The contraction of area at the fracture forms an 
essential clement in estimating the quality. 

Tron when fractared suddenly produces a crystalline frac- 
ture, but if gradually, a fibrons fracture, This accounts for 
the anomaly in the supposed change of irou from a fibrous 
to a crystalline character, Sudden shoulders which pre- 
vent a regular elongation of fibre canso a sudden snap, 

The strength of steel is reduced by being hardened in 
water, bat both its hardness and toughness are increased 
by being hardened in oil. fren ted and suddenly eooled 
in water is hardened, and the bexking strain, if gradually 
applied, is increased, but it is more likely to snap suddenly. 
Tt ia softonod and its breaking strain redueed if heated 
and allowed to cool gradually. Iron if brought to a white 
heat is injured if it be not at the same time hammered 
or rolled. Case-hardening bolts weakens them. 

Hardening and Tempering Steel. To one gallon of com- 
mon fish or whale oil, take one pound each of bocawax and 
rosin. Put into a kettle and heat till it comes to a boiling 
point, stirring it once in a while. When thoroughly mixed 
it ia ready for uso, 

To harden in this solution, heat the steel till-the scale 
rises a little, then immerse in the oil. When cool, heat 
over a clean fire til] cherry red in the dark. 

The foregoing, with a little practice, is recommended as 
corie of the best, if not the best, compositions for hardening 
steel tools for use in cutting iron or wood, or even steel. 
Care must be taken as to the amount of resin in the oil, 
ms rosin hardens tho stecl, whereas beeswax and tallow 
toughen it. If a person prefer to temper in daylight, clean 
the steel or tool, polish it, aud draw to a deep straw color, 











the method of making 
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there is something wrong with 
article, 

The tempering heat is not so high as the annealing heat; 
the annealing heat is not so high as the hardening heat, 
and the hardening heat is lower than the forging heat. 
Always, in practice, bear this in mind. The only exception 
is in the case of high-speed steel, which is a law unto 
itself. 

Twist drills hardened in a water bath should be plunged 
deep enongh to harden a short distance on the shank. 
Water cracks are apt to occur if the drills are held almost 
stationary in the water. If the drills are soft directly 
back of the water cracks, it is proof that this portion was 
held at the water line or so close to it that they did not 
go into the bath deep enough to harden. 

High speed or self-hardening stecl, when required to be 
cut or broken off into tool lengths, should first be nicked 
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deeply in the bar while bot, or better, should be out en- 
tirely through. Cracks and slivers aru liable to be pro- 
duced if nicked but slightly. 

Case-Hardening Wrought Iron. It may not be generally 
known that the case-hardening of iron paris means the 
“partial convorsion of the outer surface into steel, The 
most common method of vase-hanlening is to place the 
pieces in on iron ease in company with either bone-aals, 
leather or horn euftings, The high quality and depth of 
the steel case amply repay for the extra initial eost, taking 
care that no two pines are in contact, and enrofally luting 
all the joints between the lid and sides with fireclay or 
loam, to exelude the air, and heating to redness in a fur- 
nace for a time varying with the number and size of the 
pieces, 

Bone-ash is the ebeapest, as it can be used over and 
over again by adding new bone to the mass and mixing 
thoroughly each time the box iz charged. 

Tempering Tool Steel. The following table gives the 
temperature in degrees Fahrenheit neccesary to produee the 
required color, when tempering handened steel. 

Lathe, Shaper and Planer tools: 

Very light straw color. 
450° Light straw color. 
Taps, Dies and Wood turning tools: 
470° Dark straw color. 
490° Very dark straw color, 
Hatehets, Chivels, ete: 
500° Brownish yellow. 
520° Yellow tinged with purple, 
30° Light purple. 

















550° Dark purple. 
570° Dark blue. 
Proportional parts of Lead to 1 pound of pure Block Tin, 
which when melted will have the temperature in degrees 











Gas is not the cheapest fuel, but no other kind of fuel 
ean be used to auch advantage in manufacturing processes 
which require precision in the use of heat. This statement 





confirmed by an experience of over twenty yeara in the 
utilization of gus in mechnnien! heating processes, 

The appliances illustrated herewith form part of a fuel 

gas system, which owes its ineeption to a erucible furnace 
originally made in Fravee, on the principle of the Bansea 
Burner, depending for induction of the air required for 
combostion upon the pressure of the gas supply aided by 
natural draft, This furnace proved wastefal of ga» and 
too slow in operation, to be profitable for manufacturing 
Purposes. 
Efforts to improve upon this furnace suggested that the 
respective functions of gas and alr be reversed, and in the 
system devised a positive air blast induets the gas, which 
ig injected into the combustion chamber as ® properly pro- 
portioned mixture of both under controllable positive pres- 
sure. 

The snecess attending the introduction of erucible fur- 
naces embodying this principle has resulted in ite appli- 
cation to a great variety of heating devices, whose size was 
limited by the cost of gas, 

Gas farnaces fulfill their purpose if they contribute mate- 
rinlly towards the excellence and uniformity of the product 
and lessen its total cost. ‘Lhe single item of fuel eost may 
be inereased or diminished by the use of gas, bat this is 
of secondary importance in considering their introduction, 
An increaged fuel account is amply compensated for, and 
ite deerease merely an incidental advantage, 
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air valves, the bath is tl 
the proper heat, When the work is : 
it cools down and the work remains 

pernture rises again to the proper deg 
wanted, and is then removed, 
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small pleces of metal of any kind. The heating space or 
chamber jx one and one-half inches wide and high, and 
three inches deep, hented evenly throughout by two side 
burners whose focus is the center of the slot. Work ean 








Pig. 412, 


he placed over the slot and heated from below, or the slot 
can be covered by a slab shown in the eut, and the heat 
confined to the ehamber and raised to a very high degroe 
quickly. 
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‘Twist Drill Hardening Furnace, A furnuce for the proper 
hardening and tempering of twist drills and reamers is 
shown in Fig, 420. 





Pig. 420. 


Tool Room Forge. Fix. 421 shows a tool room forge for 
the tempering of cutting tools. 

Positive Pressure Blower. A positive pressure blower for 
use in connection with the gas heating furnace is showa tu 
Figs, 422 and 423. 
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Be o mechanic, not a machine, Stay at home evenings 
and study natural philosophy, chemistry, mathematics, 
drawing, ete. Fit yourself for a high position, Save your 
money and go to a technical school, Choose one branch of 
mechanical art and study it and learn all you can about it, 
You will find little trouble in getting a good paying job, 

Remember that water never rises higher than its head, 
or its fountein, neither can you rise higher than your aim 
or ambition in life, 

Every mechanic should thoroughly understand natural 
philosophy, It is as necessary in overy day life as 
Knowledge of arithmetic. No matter what trade you may 
choose you will find it a great help to you. Many things 
that it would be impossible to comprehend without it, will 
be readily understood with it, 

Learn a trade, study it and leara it thoroughly. Leam 
to mind your own business and let other people's business 
alone, 

The Almighty bas little use for a Iacy man er woman 
in this world, and not likely any use for them in the next. 

Never say you Can’t because you have nobody to help 
you. God helps those that help themselves, 

Are you willing to say you eannot do what is being done 
by others? Are you willing that others shonld ontran you 
in the great race of life? Are you willing to be left for 
behind, to be the fag-end of humanity? To leave this world 
unknown, uneared for, forgotten? Are you willing to die 
and to leave no void, to have it eaid that thie world is as 
well off without you ax with you? 

Hoe your own row, Ask no favors, learn to rely upon 
yourself. Learn to fight your own battles, and to fight 
them manfully. 

God has placed the whole world before you and told you 
to subdue or conquer it, He has given you life, health, 
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If there is a hollow in the 
center, foreign substances are liable to collect in there and 
cause a very imperfect weld. When they have reached a 
good, clean, white heat with the scarf down in the fire, 
take them out and give each one a good jar on the anvil 
while the searf is still down, so as to jar off any dirt which 
may be on them. Reverse or tum over the one in the left 
hand, get them together as quickly as possible and hammer 
rapidly so as to get them united before the heat gets below 
the welding point. The cold anvil will reduce the heat be- 
low the welding point in a very short space of time. Don’t 
be continually poking at the fire. Let the clinkers gather 
at the bottom. 

A welding trick is given as follows: The way to go 
about it is first to be sure that the fire is perfeetly clean, 
and then to take the heats very earefully, getting as good 
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and as even an heat as possible without overheating the 
steel, After proceeding in this way, and using borax only 
for a flux, if it is not xnecessful try mixing some fine bore 
ings with the borax and covering the weld with this, Borax 
and tno steel borings from a drill are a splendid compound 
for steel welding. 


How to Manage a Foundry. 

If o foundry foreman desires to keep his shop up to a 
high state of efficiency, he will, as soon as he receives an 
order for castings, seo that the necessary cores are at once 
ordered from the core department, Then he will proceed 
to learn if he has a suitable flask for the casting, and if he 
hus, he will ascertain if any repair work be needed on this, 
and, if so, he will have this done before the flawk is taken 
to the molder’s floor. All repairing of flasks should be 
done by a flask man instead of by the molder and his 
helper, 

In order that the molder may use his time to the best 
advantage, the helper should see that he not only has hic 
fueing sand, gnggers, clamps, handy, but he should ats 
look after the many little things which the molder some- 
times spends his high-prieed time in looking ap. Even in 
specialty shops molders take a hand in barring up flasks. 
This they should not have to do as this kind of labor be- 
longa to the flaskmaker and the latter will do a better job 
than the molder every time, 

In a great many foundries the men depend too much 
upon the foreman for everything. They should remember 
that he ix only human, and hag not the time to attend to 
every little detail. Tt has always seemed strange, too, that 
the place where castings are made should reecive so little 
attention from the owners of plants, as majority of whon 
seem to think that anything can be made to do for this 
department, Perhaps nearly every prietical foreman i¢ 
familiar with shops where ordinary equipment i so seares 
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Glue. A little powdered chalk ndded to common glue 
takes it much stronger, A gloe that will resist the action 
of water may be made by vaing skimmed milk instead of 
water, 

Drilling Glass, Glass can be drilled with a common drill+ 
very readily, by using a mixture of turpentine and eamphor. | 
When the point of the drill has come through, it should 
be taken out and tho hole worked through with the point 
of a three-cornered file, having the edges ground sharp. 
Use the corners of the file, and seraping the glass, rather 
than axing the file as a reamer. Great enre must bo taken 
not to eraek the glass or flake off parts of it in finishing 
the hole after the point of the drill has come throogh. Use 
the mixture freely during the drilling and seraping. The 
above mixture will be found very neefal in drilling hard 
east iron, Tempered steel can be drilled by making the 
drill very hard and using this mixture. 

Drilling Malleable Iron. Uso kerosene oil to drill, ream or 
turn Malleable Iron, It will make the work much 
smoother, 

Drilling Hard Steel. Use turpentine instead of of! when 
drilling hard steel, saw plate, ete. Lt will drill readily 
whea yon could not tonch it with oil, 

Aluminum. Use kerosene oil for drilling or 
turning aluminum. 

Tinning Surfaces. Articles of brass or copper boiled in 
u solution of cyanide of potassium mixed with turnings or 
sernps of tin in a few moments beeome covered with a 
firmly attached layer of fine tin, 

A similar effect is produced by boiling the articles with 
tin turnings or serape and caustic alkali, er cream of tar- 
tar, In either way, articles made of copper or brass may 
be ensily and perfeetly tinned, 
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Another method u 
seraping, and then cover with a layer of paraffine wax 
a flux. Then coat the surfaces by fusion, with a layer of 
an alloy of zine, tin and lead, preferably in the following 
Proportions: Zine five parts, tin two parts, lead one part. 
The metallic surfaces thus prepared ean be soldered to- 
gether either by means of zinc or cadmium, or alloys of 
aluminum with these metals. In fact, any good soldering 
preparation will answer the purpose. 

‘A good solder for low-grade work is the following: Tin 
95 parts, bismuth five parts. 

A gooil flux in all eases is either stearin, vaseline, 
paraffine, copaiva balsam, or benzine, 

In the operation of soldering, small tools made of alu- 
minum are used, which facilitate at the same time the 
fusion of the solder and its adhesion to the previously pre- 
pared surfaces, Tools made of copper or brass must be 
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strictly avoided as they would form colored alloys with 
the aluminum and the solder, 

Sweating Aluminum to Other Metals. First coat the aln- 
minum surface to be soldered with # layer of zine, On top 
‘of the zine is melted a layer of an alloy of one part alu- 
minum to two and one-half parts of zine. The surfaces 
are placed together and heated until the alloy between them 
is liquefied. 

Aluminum Solder. ‘This consists of 28 pounds of block 
tin, three and one-half pounds of lead, seven pounis of 
spelter, and 14 pounds of phosphor-tin. The phosphor-tin 
should contain 10 por eont of phosphorns. Clean off all 
the dirt and grease from the surface of the metal with 
bonzine, apply the solder with a eopper bit, and when the 
molten solder covers the metal, seratch through the solder 
with a wire seratch brash. 

Annealing Cast Iron, To anneal cast iron, heat it in « 
slow charcoal fire to a dull red heat; then cover it over 
abont two inches with fine ehareoal, then cover all with 
ashes. Let it lay until cold. Hard cast iron can be softened 
enough in this way to be filed or drilled. hia process will 
be exceedingly useful to iron founders, as by this means 
there will be a greot saving of expense in making new 
patterns, 

To make a casting of precisely the same size of a broken 
custing without the original patterns: Put the pieces of 
broken exsting together and monld them, and east from 
this mould, Thon anneal it as above described; it will ex- 
pand to the original size of the pattern, and there remain 
in that expanded state. 

Metal Patterng, All metal patterns should be thoroughly 
cleaned with a stiff brush, then with o brash having » 
plenty of beeswax in it, dip this brush in powdered plum- 
ago, Brush the pattern well with the above and it will 
draw much better and you will have a mach smoother 


cutting. 
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they must be absolutely clean and free from sand and 
oxide, Thoy are nsnally freed from imbedded sand in a 
rattler or tumbling box, whieh also tends to close the sur- 
face grain and give the article a smooth metallie face. 
‘The articles should be then placed in a hot plekle of one 
part of sulphuric acid to four parte of water, in which they 
are allowed to remain from one to two Wi 


i 
g 
i 
: 


perature when perfectly fluid, but not hot enough to 
quickly oxidize the surface of the tin. A sprinkling of 
pulverized sal ammoniac may be made on the surface of 
the tin, or a little tallow or palm oil may be used to clear 
the surface and make the tinned work come out clear. As 
soon a8 the tin on the castings has chilled or vet, 
should be washed in hot sal soda water and dried in saw- 
dust, 

Alloys for Metal Patterns. An alloy suitable for small 
metal patterns is composed of tin one part and lead one 
part by weight, The result is a somewhat soft alloy which 
requires care in the handling of the patterns, Some harder 
mixtures are as follows: 











pounds of tallow and 12 ounces of pulverized resin. 
these ingredients and let them boil up. When this mix- 
ture has become cool, add one and three-eighths pints of 
water saturated with pulverized sal ammoniae, stirring 
constantly. 

Softening Cast Iron. To soften iron for drilling, heat 
to a cherry-red, having it lie level in the fire. Then with 
tongs, put on a piece of brimstone, a little less in size than 
the hole is to be. This softens the iron entirely through. 
Let it lie in the fire until cooled, when it is ready to drill. 

Suggestions how to Solder. Clean the parts thoroughly 
from all rust, grease or seale, then wet with prepared acid. 
Hold the soldering copper on each part until the article is 
well tinned and the solder has flowed to all parts. 

‘Watch-Makers’ Oil that Will Never Corrode or Thicken. 
Take a bottle about half full of good olive oil and put in 
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thin strips of sheet lead, expose it to the sun for a month, 
then pour off the eloar oil, The nbove is a very cheap way 
of making a first-class oil for any light machinery. 

Varnish for Copper. ‘To protect copper from oxidation 
a varnish may be employed which is composed of earbon 
disulphide 1 part, benzine 1 part, turpentine oil 1 part, 
mothy] aleohol 2 parts and hard eopal 1 part, Tt ix well 
te apply several coats of it to the copper, 

Glue for Iron. Put an equal amount by weight of finely 
powdered rosin in glue and it will adhere firmly to iron 
or other motal surfaces, 

Soldering or Tinning Acid. Muriatie Acid 1 pound, put 
into it all the zine it will dissolve and 1 ounce of Sal 
Ammonine; add as much clear water as you have acid, it is 
then ready for use, 

Plaster of Paris. Common plaster that farmers uso to 
pat on land and plaster of paris are the same thing, except 
plaster of paris is common plaster caleined. Many times 
it is diffienlt to get ewlcined plaster, and when it is pro- 
cured it is badly adulterated with lime and unfit for many 
uses, To caleine plaster, or in other words, to make com- 
mon plaster so it will harden, you have but to take the 
plaster and put it in an iron kettle and place it over a 
slow fire, put no water in it. In a few inoments it will bee 
gin to boil and will continue to do so until every particle 
of moisture ia evaporated out of it. When it bas stopped 
boiling take it off, and whvn cold it is ready for use 
Plaster treated in this way will hatden much quicker and 
harder than any which can be bought ready preparod. 

Hardening Small Articles. To hardea smal] tools or ar- 
ticles that are likely to warp in hardening, heat very eare- 
folly, and insert in a raw potate, then draw the temper as 
usual, 

Bluing Brass. Dissolve one ounce of antimony eblcride 
in twenty ounces of water and add three ounces of pure 
bydroehkloric acid. Place the warmed brass article into this 


light feed, In this manner g 
holes, up to 3-16 inch in diameter nantly. 8 ‘aa rapidly as cast 
steel. 

Cement for Pipe Joints. Mix 10 parts iron filings and 3 
parts chloride of lime to a paste by means of water. Apply 
to the joint and clamp up. It will be solid in 12 hours. 

Hardening Tools. For heavy planer or lathe tools, when 
steel has been selected at random and is found a little too 
low in hardening properties for the purpose, to one pail 
of soft water, add 14 pound of cyanide potassium, 1 pound 
of salt, 1 dessert spoonful of oil of vitriol. Draw the tem- 
per slightly. 

Paint for Iron. Dissolve 4 pound of asphaltum and, V2 
ponnd of pounded resin in 2 pounds of tar oil. Mix hot in 
an iron kettle, but do not allow it to come in contact with 
the fire. It may be used as soon as cold, and is good both 
for outdoor wood and ironwork, 
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Stamping Names on Tools. No name stamp or steel let 
ters and figures ean be made 1 will stand to stamp saw 
Diades or steel tools, They will stamp all soft metals, sueh 
as brass, copper, soft east or wrought iron, or annealed 
east steel, 

Nover stamp a name on a steel rule, square or any fine 
tool as it will throw it ont of true. To mark such tools 
use ctehing acid, 

How to Anneal Brass or Copper. In working brass and 
copper, it will hecome hard, and if hammered to any great 
extent will split, To prevent eracking or splitting, the 
piece must be heated to a dull red heat and plunged into 
cold water; this will soften it so it can be worked easily. 
Be careful not to heat brass too hot, or it will fall to 
pieces. The piece must be annealed frequently during the 
process of hammering. 

The Relative Weight of Different Metals. The weight of 
wrought iron being 1, cast iron will be 0,95, steel 1,02, cop- 
per 1.16, brass 1.09 and fead 1.98. 

To Find the Diameter of a Driving Pulley. Multiply the 
diameter of the driven by the number of its revolutions 
and divide the produet by the number of revolutions of 
the driver. The quotient will be the diameter of the driver. 

To Find the Diameter of a Driven Pulley. Multiply the 
diameter of the driver by the number of its revolutions 
and divide the product by the namber of revolutions of the 
driven. The quotient will be the diameter of the driven, 

To Find the Specd of a Driven Pulley. Multiply the 
diameter of tho driver by the number of its revolutions 
and divide by the diameter of driven. The quotient will 
be the number of revolutions of the driven. 

Bright Work from Rust, Use a mixture of 
oe pound of Iard, one ounce of gum camphor, melted to- 
gether, with a little lamp-black. A mixture of lard oil 
and kerosene in equal parts. A mixture of tallow and 
white lead, or of tallow and lime. 








effects of steam generated by the heat of the lead. The 
whole trouble may be avoided by putting a piece of resin, 
the size of a man’s thumb, into the ladle and allowing it to 
melt before pouring. 

Metal that Expands in Cooling. A metal that will ex- 
pand in cooling is made of 9 parts lead, 2 parts antimony 
and 1 part bismuth, This metal is valuable for filling 
holes in castings. 


Fastening Leather to Iron. A good way to glue leather to 
iron is to paint the iron with a mixture of white lead 
and lamp black dissolved in oil. Then cover with a cement 
made of the best glue soaked in water until soft, and then 
dissolved in vinegar. This: is thoroughly mixed with one- 
third of its bulk of white pine turpentine, and thinned 
with vinegar until it can be spread with a brush. It 
should be applied to the iron while it is hot and the leather 
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put on and quickly pressed into place. Tt must be held 
tight by a clamp while drying, 

Cleaning Chased Brass, Chased brass of any kind, may 
be cleaned as follows: Wash well with hot water and soap 
and dry thoroughly, then rub all over with a lemon ent in 
half, When it looks quite clean, rinse well in warm water, 
dry and polish with « chamois leather, Chased work of 
any kind should not be eleaned with powder, 

Cleaning Brass Castings, If greasy, the castings should 
bo cleaned by boiling in lye or potash. The first pickle ix 
composed of nitric acid one quart, water six to eight quarts, 
After pickling in thia mixture the castings should be 
washed in clear warm or hot water, and the following 
pickle be then used: Sulphuric acid one quart, nitric acid 
two quarts, muriatic acid, a few drops. The first pickle 
will remove the discolorations due to iron, if present, The 
souriatic acid of the second pickle will darken the ¢olor 
of the castings to an extent depending on the amount used. 

Proventing Rust on Machinery. A good mixture for neo 
x w slush to prevent the rusting of machinery ix made by 
dissolving 1 ounce of camphor in 1 pound of melted lard, 
skim off the imparities and add enough black lead to give 
the mixture am iron color, After cleaning the machinery 
carefully, smear on the mixture. [t ean be left indefinitely, 
or if wiped off after 24 hours will prevent rust for somo 
time. When removed, the motal should be polished with a 
soft cloth, 

Hard Cement. Hard cement is made with 16 ounces of 
fine cost iron turnings and 1 ounce of Sal-Ammoniac, wot 
with water to the consistency required. 

Leaky Boiler Plucs, Boilers frequently leak along a seam 

or about a flue. This can generally be stopped by patting 
of corm meal in the boiler. 

ont Work. In loying out work on planed surfaces 

or iron, use bine vitriol and water on the surface, 

copperplate the surface nicely, so that all lines 











lar sizes and threads. 

‘Tapping Nuts. Always use good Lard Oil in cutting 
threads with a die or tapping out nuts. Poor cheap oil 
will soon ruin both die and tap. 

Grindstones. Grindstones to grind machinists’ tools 
should be run at a speed of about 800 feet per minute at 
its periphery, a 30-inch stone should be 1un about 100 rev- 
olutions per minute. When used to grind earpenters’ tools 
a speed of 600 fect at its periphery, a 30-inch stone should 
therefore be run at 75 revolutions per minute. 

White Metal for Bearings. White metal for bearings 
consists of 48 pounds of tin, 4 pounds of copper, and 1 
pound of antimony. The copper and tin are melted first, 
and then the antimony is added. 

Marine Glue. One part of pure india rubber dissolved 
in naphtha. When melted add two parts of shellac. Melt 
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until mixed. Pour out on tin antil cold. Melt and use 
with a brush at water-bath heat. 

Or take a handful of quieklime and four ounees of line 
seed oil, Boil, and pour out on a plate vntil hard. Melt 
and use, 

Or take one pound of common ylue—not fish glue—in 
two quarts of skim milk. Soak and boil. 

Tompering Chisels, To 3 gallons water add 3 ounces 
spirits nitre, 3 ounces white vitriol, 3 ounces sal _ammo- 
nine, 3 ounces alum, 6 ounces salt with a double handful 
af hoof parings. Heat the tool to a cherry red. This has 
put new life in steel that has apparently been burned, and 
is used to temper chisels for cutting mill stones, 

Boldering Fluid, Take of serap zine or pure spelter 
about 44 pound, and immerse in a half-pint of muriatie 
acid. If the serups completely dissolve add more until 
the acid ceases to bubble and a small piece of metal re- 
mains, Lot this stand for a day and then enrefnlly poor 
off the clear liquid, ov filter it through a cone of blotting 
paper. Add a teaspoonfal of salammoniac, and when 
thoroughly dissolved, the solution ix ready for uxe. De- 
pending on the materials to be soldered, the quantity of 
ral-ammoniae ean be reduced, Its preseneo makes solder- 
ing very easy, but, unless the parts are well heated so as 
to evaporate the salt, the joints moy rust. 

Soldering Aluminium. When soldering aluminium, it 
should be borne in mind that upon exposure to the air a 
slight film of oxide forms over the surface of the alamin- 
jum, and afterwards protects the metal. The oxide is the 
same color as the metal, so that it cannot easily be distin. 
guished. ‘The idea in soldering is to get underneath this 
oxide while the surface is covered with the molten solder. 
Clean off all dirt and grease from the snrface of the metal 
with « little benzine, apply the solder with a copper bit, 
and when the molten solder is covering the surface of the 
metal, scratch through the solder with a steel wire scrateh- 
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byush, By this means the oxide on the 
wetal is broken up underneath the solder 
ing its own flux, takes up the oxide and 
fnee of the aluminium to be tinned proper 
Preventing Iron or Steel from Rusting, 
ment for polished iron or steal, whieh 
growing gray and lustreless, is to wash it 
a stiff brush afd ammonia soapsuds, rinse 
heat if possible, then oil plentifully with s) 
thickly with powdered quick lime. Let 
two days, then brush it off with a clean | 
ish with a softer brash, and rub with 
lustre comes out, By leaving the lime ot 
may be kept from rust almost indefinitely 
Lubricant for Milling. Dissolve separat 
pounds of soap and 15 pounds of sal-so 
40 gallons of elean water, Add two gall 
oil, stir thoroughly, and the solution is res 
Lubricant for Drilling. Dissolve three 
pound of sal-soda in one pailful of water, 
Clamping Work to a Face Plate. In d 
of work it is necessary to bolt or clamy 
face plate, and many times it is very diff 
piece from slipping, especially if it becor 
take a heavy chip in turning or boring. 

1 pieve of thin paper between the artiele 
you will find no difficulty in holding it t 
Spoed of Emery Wheels. Nover run 
without positively knowing how many revo 
is making in a minute, Never guess at 
only sure way to find this out is to use a 
cator and time it carefully with your wa 
Lubricating Oil. Never buy poor oil to 
of any kind. It will soon g 
ings and take double the power to run 
sides it will wear out your machinery and 


























or machine’ 
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oil is by far the cheapest. Among the best oils for sew~ 
ing machines or other fight machinery is sperm (whale) 
vil to whieh add one-tenth part kerosene oil. 

Horse Power of Belting. One hundred square feet of 
belting running over a pulley per minute, will give one 
horse power; exumple~a 2-inch belt running over a pulley 
24 inches in diameter, ranning 100 revolutions per amin 
‘ute, will practically transmit one horse power 

Making Pipe Joints. Never screw pipe together for 
cithor steam, water or gas without putting white or red 
Jead on the joints. 

Many times in taking pipe apart the jomts are stuck so 
hard that it ix impossible to unscrew the pipe: heat the 
coupling (not the pipe) by bolding a hot fron on it, or ham- 
mer the coupling with a light hammer, either one will ex- 
pand the coupling and break the joint so it can be easily 
‘unscrewed. 

Cored or Rough Holes. ever use a Tap in a cored or 
rough hole. Always run a heavy flat drill through the 
hole to take out the scale, sand, or projections. 

Outting Threads with a Die, Always uso good lord oil 
in cutting throads with a die, Many tities a die in ruined 
the first time it is used, beeanse there is no all put an the 
work. Use plenty of oil. 

Improper Use of Taps. Nover use a tap in any metal, 
especially cast iron, without using plenty of good ofl, 
Many taps are ruined the first time they are used by lack 
of oil. Tho tap will gauld in any metal and tear the 
threads off unless well oiled. 

Torning or Drilling Solutions. Strong sal soda water 
or soapy water is much better than clean water to use 
where water cots are being taken, either on lathe or 
planer. 

Proper Way to Use a Monkey Wrench, Never pull « 
monkey wreneh backwards or from the jaws, Always pull 


Vii 


ber of threads cut by equal gears and multiply it by a 
number that will give for a produet a gear on the index. 
Place this year on the spindle or stud. Then multiply the 
number of threads per itich to be cut by the same number, 
and put the resulting gear on the serew. 

Example: Lathe cuts four threads by equal gears, and 
thirteen threads per inch are wanted, then 





Spindle or stud_ _ 4 
Threads to be cut 13 


The constant tive will give for a product a gear on the 
index 228 = 

183X565 
Therefore, to cut thirteen threads per inch, would require 
a gear of twenty teeth on the spindle or stud, and a gear 
of sixty-five teeth on the lead serew. 
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Cutting Speeds. Assuming 36 feet as the proper cutting 
speed in feet per minute for cast iron, whieh equals about 
140 revolutions per minnte for one inch in diameter to be 
tumed, divide the number 140 by the outside diameter of 
the work, which gives the proper number of revolutions. 


Example: Diameter of work is § inches, then 2° = 28 
revelations, 

Tho following table gives tha constants for different ent- 
ting speeds; 


Cutting Specd 
in Feet. Constant. 


36 149° Cast iron, 

31 120 Malleable iron. 

2 100 Steel. 

21 80 Steel. 

16 60 Steel. 

13 50 Hardened stoe! and ebilled cast iron. 


Removing Rust from Iron. Iron may be quickly and 
oasily cleaned by dipping in or washing with nitric acid 
one part, muriatic acid one part and water twelve parts, 
After using wash with clean water, 

Cement for Fastening Paper or Leather to Iron. One 
pound of the best four, %4 pound of the best gine, 4 
pound of granulated sugar, ¥% ounce of powdered borax, 
% ounce of aal-ammoniae, Yy ounce of alum. Soak the 
glue in three pints of water for 12 hours. Mix the flour 
in one quart of water, mix all together, amd boil over a 
slow fire, or cook with a steam jet. When cool it is ready 
for use. The fee of the pulley or surface where the 
leather is to be applied must be thoroughly clean and free 
from 

Scratch Awl for Pine Work. A common sewing needle 
held in a suitable handle makes an excellent seriber for 
accurate werk. It ix so chenp that grinding ix mnnoses- 








twist drills, be very eareful ‘and. give the att number 
wanted, also state what gauge and the maker's name of 
the gauge ordered from. There are hardly two gauges 
made that are of the same size. It is better to order by 
1,000ths. 

How to Soften Files. To soften small files cover them 
with oil and hold them over a fire until the oil blazes, As 
soon as the flame runs all over the file, plunge it into 
water. 

Recipe for Heat-Proof Paint. A good cylinder and ex- 
hanst pipe paint is made as follows: 

Two pounds of black oxide of manganese, 3 pounds of 
graphite and 9 pounds of Fuller’s earth, thoroughly mixed, 
Add a compound of 10 parts of sodium silicate, 1 part of 
glucose and 4 parts of walter, until the eonsisteney is such 
that it ean be applied with a brush, 
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To Soften Cast Iron, Heat the whole piece to a bright 
glow and gradually cool under covering of fine eoal duat, 
Small objects should be packed in quantities, in a erucible 
in a furnaee or open fire, under materials whieh when 
heated to a glow give ont earbon to the iron, They should 
he heated gradnally, ard kept.at a bright heat for an hour 
and allowed to cool slowly. ‘The substances recommended 
to be added aro cast-iron turnings, sodiam carbonate or 
raw sugar, If only caw suzar is used, the quantity should 
not be (oo «mall, By (his process it ix said that enst fron 
may be made so soft that it ean almost be eat with a 
pocket-knife, 

To Harden Files, To harden files dip the file in red- 
hot Jead, handle up, This gives a uniform heat and pre- 
vents warping, Hun the file ondwise back and forth in a 
pan of salt water. Set the file in a vise and straighten 
it while still warm. 

Leather Belts. A leather belt is mare ceonomieal in the 
end than a robber onc, When buying a leather belt it 
should be tested by doubling it up with the hair side ont, 
If it should crack, reject it as it caunot realize the wholy 
amount of power it should tranamit, If it shows a sponzy 
appearance it should be condemned et once, for it must b> 
pliable as well as firm, The grain or hair side should be 
free from wrinkles and the belt should be of aniforsn 
thickness throughout its length. It should be tested for 
quality by immersing o small strip in efcong vinegar. If 
the leather has been properly tanned and is of good qual- 
ity, it will romain in vinegar for weeks without alteration, 
excepting it will grow darker in color, Tf the leather hox 
not been properly tanned the fiber will swell and the 
leather will become softened, turning it into a jelly-like 
mass 

To Cement Rubber to Leather, Ronghen both surfaces 
with a sharp pioce of glass, apply on both a diluted solu- 
tion of gutta percha in carbon bisulphide, and let the so- 


a 








Contin 
drilled in wood with an auger, De not press too hard on 
the brace while drilling, 

To Polish Brass. Smooth the brass with a fine file and 
rub it with a smooth fine grain stone, or with charcoal and 
water, When quile smooth and free from seratehes, polish 
with pumice stone and oil, spirits of turpentine, or aleohol. 

How to Make a Soft Alloy. A soft alloy whieh will 
adhere tenaciously to metal, glass or poreelain, and ean 
also be used as a solder for artieles which cannot bear a 
high degree of heat, is made as follows: 

Obtain copper-dust hy precipitating copper from the 
sulphate by means of metallic ine, Place from 20 to 36 
paris of the eopper-dust, according to the hardness de~ 
sired, in a porcelain-lined mortar, and mix well with some 
sulphurie acid of a speeifie gravity of 1.85, Add to this 
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paste 70 parts of mereury, stirring constantly, and when 
thoroughly mixed, rinse the amalgam in warm water to 
remove the acid. Let ool from 10 to 12 hours, after 
which time it will be hard enongh to serateh tin. 

When ready to use it, heat to 707 degrees Fahrenheit 
and knead in an iron mortar till plastic Tt ean then he 
spread on any surface, and when it has cooled and hard- 
ened will adhere most tenaciously, 
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Things to Do in Caso of Sprains or Dislocations. The 
most important thing is to seeure rest until the arrival of 
the surgeon. If the sprain is in the ankle or foot, place 
a folded towel around the part and cover with a bandage. 
Apply moist heat. The foot should be immersed in a 
bucket of hot water and more hot water added from time 
to time, so that it ean be kept as hot ax ean be borne for 
fifleen or twenty minutes, after whieh a firm bandage 
should be applied, by a surgeon, if possible, and the foot 
elevated. 

In sprains of the wrist, a straight piece of wood should 
be used as a splint, cover with cotton or wool to make it 
soft, and lightly bandage, and carry the arm in a sling, 
In all eases of sprains the results may be serious, and a 
surgeon should be obtained as soon as possible. After the 
aeute symptoms of pain and swelling have subsided, it 
fs still necessary that the joint should have complete rest 
by the use of a splint and bandage and such applications 
ns the surgeon may direct, 

Simple dislocation of the fingers ean be pat in plaee by 
atrong pulling, aided by # little pressure on the part of 
the bones nearest the joint. 

The best that can be done in most cases is to pat the 
part in the position easiest to the sufferer, and to apply 
cold wet cloths, while awaiting the arrival of a surgeon. 

‘To Remove Foreign Substances from the Eye, Take 
of the upper lid and tum it up so that the inside of tho 
upper lid may be seen. Have the patient make several 
movements with the eye, first up, then down, to the right 
side and to the left. Then take a tooth-pick with a little 
pivee of absorbent cotton wound around the end and mois- 
tened in cold water, and swah it out. The snb- 
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over the injured parts, and bandage them lightly to keep 
them in position. Have the solution pear by, and the ine 
stant any part of a cloth shows signs of dryness, squeeze 
some of the solution on that part, Do not remove the 
th, a8 total exolusion of the alr is neseseary, and little, 
if any, pain will be felt as long as the cloths are kept sat~ 
uted. This may be kept up for several days, aftor which 
soft eloths dipped in oil may be applied, and covered with 
cotton batting. If the fect are cold, apply beat and give 
hot water to drink, and if the burns are very serious send 
for a doctor as soon as possible. The presence of pain is 
a good sign, showing that Vitality is presont. 

Bleeding. In case of bleeding, the person may become 
weak and faint, unleas the blood is flowing actively. This 
is not a serious sign, and the quiet eondition of the faint 
often assists nature in stopping the bleeding, by allowing 
the blood to clot and go block up any wound in » blood 
vessel, 

Unless the faint is prolonged or the patient is losing 
much blood, it is better not to relieve the faint condition, 
‘When in this state exeitement should be avolded, and ex- 
ternal warmth should be applied, the person covered with 
blankets, and bottles of hot water or hot bricks applied 
to the feet and arm-pits, 

Wateb carefully if uneonselous. 

If vomiting occurs, turn the pationt’s body on ono sido, 
with the head low, so that the matters vomited may not 
go into the Inngs. 

Blooding is of three kinds: From tho arteries which load 
from the heart. That whieh comes from the veins which 
take the blood back to the beart, That from the small 
veins which carry the blood to the surface of the body. 
In the first, the blood is bright scarlet and eseapes as 
thongh it were being pumped. In the second, the blood is 
dark red and flows away in an uninterrupted stream. In 
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‘The Metric System. Although the Metric System was 
logalized by the United States Government in 1866, it has 
been little used in this country outside of the sehool room 
and laboratory, 

The recent great expansion of the foreign trade of the 
United States has, however, brought about conditions which 
render some knowledge of tho Metric System and its equiv- 
alents in our ordinary standards of weights and measures 
very useful, if not absolutely necewsary, both to the man- 
ufaeturer and mechanic, 

‘The Metric System is based on the meter, which was 
designed to be one ten-millionth part of the earth's marid- 
ian, passing through Dunkirk and Formentera. Later in- 
vestigations, however, have shown that the meter execeds 
one ten-millionth part by almost one part in 6400. The 
value of the meter, as authorized by the United States 
Government, is 39.37 inches. 

The three principal units are the meter, the anit of 
length. he liter, the unit of capacity, and the gram, the 
unit of weight. Multiples of these mre obtained by pre- 
fixing the Grock words: Deka 10, hekto 100, and kilo 
1,000, Divisions are obtained by prefxing the Latin words; 
Deci 1-10, centi 1-100, and milli 1-1000. Abbreviations of 
the multiples begin with a capital letter, -and of the di 
sions with a small letter, as, for example: Dekameter is 
abbreviated thus, Dm, and Decimeter thus, dm, 
Tho liter is equal to the volume oeenpied by 1 enbie 
decimeter. The gram is the weight of one eubie centimeter 
water at a temperature of 39.2 degrees 

is the weight of 1 liter of water, 
tonne is the weight of 1 cubic meter of water. 
585 
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‘TasLe No. 26—DeciwaL EQuivaLenTs oF MILLIMETERS 


ax Fracrions of MinLIMETErs, 


1 mm, = ,03987 inches. 
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‘Tanue No, 28—Maonise on Nor Tavs, 


Diameter ‘Threads Per neh, 





Whitworth 
Standard. 


=e 
Stondant Tron) . v. 8. 7 
‘Sir . Standard. | Standard. 
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Taste No. 80—Decniat, Pants or ax Ivor. 
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TABLES $93 


29 Degree Screw Thread. 
Acme Standard. The various parts of the 29 Degree Screw 
‘Thread, Acme Standard, are obtained aa follows: 
Width of Point of Too! for 
B07 
No. of Thds, per in,” 
-ST0T 
No, of Thda. per in. 


Diameter of Tap = Diameter of Screw + .020 
Diameter of Tap or Screw at Root’ = 


Screw or Tap Thread = + 0052 


Width of Screw or Nat Thd, = 





Diameter of Screw — ( +020) 





No. of Linear Thds. per in. 


Depth of Thread = 





1 
G& No.of Thds. perin. * 010) 


TaBLe No, 33—Tareap Pants. 








‘TaBLE No. 34—DOUBLE DEPTH OF V A 
Stawparp THREADS, 











Toreads 
per in. 

a 16 081 
0 u4 20927 
56 13 0991 
50 2 2108: 
48 1} 1118 
4 10 | .129¢ 
0 9; 1144s 
36 8 21623 
a2 7 11855 
30 6 2165 
8 5} | 2361 
28 5 | .2598 
Pr 4 z 

2 4 | 13247 
20 3} | (8711 
18 8 | 14388 











C = Double Depth of Thread. 
D = Outside Diameter. 
d = Diameter at Bottom of Thread. 
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Tape No. 85—Diamerer my Decotans or Ax Exon 


or Numexe Twrst DRILLS AND Steet, Wine Gavor, 


Diameter 
| oF Dit 
‘Tnchos 





2280 
2210 
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Taste No. 87—Lenors or Trrtaps Cur on Bours, 
LENGTH OF ROLTS DX INCHES, 
Benet in 1k [2% | ak | am | ae | ax 
os wo to | to 
12 





- 
oe 





| 3% | 


4 


4 
5% 
% 


sree 
SRR 


” 
os 
SRR eR 








Bolts larger in diameter and longer than given in the table 
are threaded a length eqnal to thres times their diameter. 


‘TABLE No, 88—Ex@.is on WarrworTH STANDARD 
Pree THnkavs. 
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aterime | JY 
Point 


Dourees | eu Lis. Per 
Fabronhett io | Sanare Taob. 
| 





Alominum no . 15000-80000 
Antimony | 810-1000 
Brass (average) 1500-1700 
Copper 1980 

Gold (pore) —|--2100 

Tron, east 1900-2200 
Tron, wrought 2700-2890 


Nickel 
Silver (pure) 

















Nors. The wide variations in the tensile strength ars 
due to the different forms and qualities of the metal tested. 
In tho case of lead, the lowost strength is for lead cast in a 
mould, the highest for wire drawn after numerous workings 
of the metal, With stecl it varies with the percentage of 
carbon used, which is varied according to the grade of steel 
required, Mercury becomes aplid at 89 degrees below zero. 
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TABLE No. 44—MELrTING, BOILING AND FarEztso Posts 
Ty DEGREES FAHRENHEIT OF VARIOUS SUBSTANCES, 


Substance, 





Platinum 
Wrought-Iron 
Nickel 


Olive OF 
Frosh Water 
Sulphuric Acid Vinegar 
Oil of Tarpentine Sea Water 
Nitric Acid ‘Turpentine 
Bea Water Sulphuric Acid 
Freeh Water 











‘Tasix No. 47—Driut List ror V TAREAD Taps. 
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TABLE No. 49—Lerrer Sizes OF DRILLS. 


Decimals of Decimals of 
Diameter Inches. | Perimalsot J iameter Inches. sik 
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D 
E 
F 
a 
Hil 
I 
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Kk 
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M 





ate 


MOE hee kre atest 
Sale dktae tecseaesisecoe 


= 





Pome Sene eae Re. 


en 




















TABLES 607 


‘TABLE NO. SL—WEIGHT AND ARKA OF SQUARE AND ROUND 
Steet, axp Tu: CrucumrEnexce oF Rouxp Bazi 


Steet weighing 4) pounds per cubic foot. 



































TABLES 


‘Taste No. 53—Size xp Weionr or HoT Pressep 
Squake Ners Usrrep States Sraxpanp Sizes, 


Weights and sizes are for unfinished Nats, 





sg 
i 
ve 
% 
rs 
% 
x 
3) 
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1 
1 
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Tanux No. S—Waoeur rex Foor or Fiat Bax Inox. 





Thee 
1 1M IN| iN 
AE 58 68) 2 146) 
BA 106 136 147 Les) 2-9 221) 255 
1.36 1.58|3.90/2.21 ERzS¢ 216 Sts 
2. 79/421) 5.05 
2.11 2.68/3.16;3.68 4.2118.78528 62 


2.96 3.68 4.42 5.16 5.59 653 7.37, SSt 
(3.37, 4.21 5.05 5.89 6, 

Plate iron weighs 40 pounds per square foot, 1 inch thick. 
Hence, a square fect weighs 1 poands if 4 inch thick, 
& pounds if 36 inch thick, etc. 

‘To find the weight of road iron, per square foot in length: 
‘Square the diameter, expressed im quarter inches and divide 
by 6. 

‘Thus, a 134 inch rol weighs 5X &—= 25, 26-+6 =4] pounds 
per foot, 

To find the weight of square or fiat irom, per yard in length: 
Multiply the area of the eas section by 10, 

‘Thus, a bar 2 by Ss has an area of *% of a aquare inch, and 
consequently weighs 24 X 10 = 735 pounds per yani, 

‘To find the tensile strength of round fron: Square the 
diameter, expressed in quarters of an inch, the reeult will be 
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Tanus No. 56 Conrirven—Wits Gavors ix USK Ix THE 
Usirep Stares. 


Binnioebars, of 
‘Stub Wit, 
Imnperiat 
Wire Gauze. 
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18 
19 
20 
21 
22 
23 
4 
% 
6 
a7 
28 
29 
30 
31 
82 
33 
ce 
85 
38 
37 
38 
39 | 
#0 
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‘Taste No. 57 Continven—Weien ov Siker TRow 
axp Stren rer Sgvans Foor. 


‘Tuleknew by American 
(Brown and Sharpe's) Gauge. 





Woientin 
Pounds, 


No.of Thickness 
Gauge! in Luches, 
tron, 





Bebe 


we 
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21 
22 
23 
baa 
25 
26 
27 
28 56 
29 
30 
31 
82 
33 
Bt 
35 


BieebER 











ee differing from each other, 


stato the weight per square 
ath» of an inch. 
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